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BULLETIN No. XXIX. 


SUMMARY OF PROMINENCE OBSERVATIONS FOR THE FIRST HALF OF 

THE YEAR 1912. 

The detailed lists of prorainences recorded at Kodaikanal and puWislied in a aeries of bulletins ending with 
No. XXVIII, will henceforth be discontinued, and a resume of the observations will in future be issued half- 
yearly. This will include full descriptions of any remarkable phenomena observed or photographed, and 
in addition to the summary of the observations at the sun’s limb the results will be given of a study of the 
prominences projected on the disk as hydrogen absorption markings. 

The general distribution of the prominences in latitude during the six months ending" June 30, 1912 
is represented in the accompanying diagram. In this the full line gives the mean daily areas for each zone 
of 5° of latitude and the broken line the 'mean daily numbers averaged for 10° intervals. The scale of ordi- 
nates represents tenths of square minutes of arc for the full line and numbers for the broken line. Both are 
corrected for partial or imperfect observations, the total of 173 days of observation being reduced to 159 
“ effective ” days. 

Mean Areas and Mean Nxjwbees op Prominences. 

January 1st to June 30th, 1912. 


Moan a>reas — full line. 

Mean numbers — broken line. 



As is always the case the mean areas show much more marked maxima and minima than the mean 
numbers, because of the much greater average, size of the promineiices opcurring in the zones of greatest 
activity. The figure for the mean areas closely . resembles that obtained for the previous six months but 

VoL. III. 
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there is a general decrease of activity. The strongly marked active zone shown during the latter half of 1911 
at 4-20 to -f 25 has disappeared, there has however been an increase in the zone — 30° to • — 35°. 

The polar regions show the smallest activity which is nearly constant from the poles to latitude 60° in 
each hemisphere ; the equatorial zone is also a region of small activity extending for a few degrees only on 
either side of the equator. The zone of greatest mean area is situated in the southern hemisphere between the 
parallels 45 and 50 , and this position of maximum is the same as was found for the whole of the year 1911. 

The total mean daily areas and numbers for each hemisphere are : 



Areas. 


North 

.. 0-98 

square minutes 

South 

.. 1-50 

Do. 


Numbers, 
North 8*8 
South 11-2 
On equator -1 


Total . . 2-48 Do. 


Total , . 20‘1 


Ihe areas indicate a decrease of 24 per cent, in the north and 13 per cent, in the south as compared with 
the second half of 1911, but the numbers do not show nearly so large a decrease. In the following table are 
given the monthly, quarterly, and half-yearly frequencies as well as the .mean heights and mean extent of 
the prominences ; the frequencies are here uncorrected ,for partial observations. Taking the total number of 
effective days as 159 the mean frequency for the six months is 20-1 as above, instead of 18-5 as given at the 

bottom of column 4, a decrease of only 4 per cent, as compared with the corrected figure for the previous six 
months. 


Al sir act for the first half year o/1912. 


Month. 

No, of days of 
observation. 

No. of 
promineiaces. 

Mean daily 
frequency. 

Mean height. 

Mean ©.vteut. 

January 

30 

866 

28-6 

29-0 

1*03 

February 

29 

604 

20-8 

28’6 

1-00 

Mai'Ch 

31 

569 

18‘4 

28-9 

1-13 

April ... 

29 

50'1 

17-3 

26-9 

1-09 

May 

31 

455 

14-7 

27‘0 

0-99 ■■ 1 

June 

23 

218 

9-5 

30-0 

1-11 

First quarter 

90 

2029 

22-5 

28*8 

1-06 

Second quarter 

83 

1174 

14' 1 

27’5 

1-06 

Half year ... 

173 

3203 

18-5 

28-4 ■ 

1-06 


The frequency for the month of January is unusually high and on certain days during this month over 
40 prominences were counted, the limb presenting a remarkable appearance with prominences in all latitudes, 
including the polar regions where they were numerous though of smaU size. Such activity is noteworthy 
consideiing that this month was the first entirely spotless month which has occurred since the year 1901 
according to the Kodaikanal records. ’ 

IfLecm height. 

The average apparent height of the prommeuoes, 88''-4 for the aiz montha, slightly exceeds that obtained 
for the year 1911 as well as for the four preceding years ; it is remarkable that whilst the mean areas have 
steadily diminished from 5'4 square minutes per diem in 1908 to 2-5 square minutes in 1912 the mean heights 
have remained almost constant, varying iiregularly from 26"-8to 28"-4. The mean numbers have also remained 
sensibly constant over ftese years so that the reduction of area, synchronising with reduction in sunspot 
activity, implies a diminution of breadth only or extent on the limb. 
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The tptal number of prominences recorded during the 173 observing days which attained an apparent 
height of 60 or more was 305, which gives a daily average slightly exceeding that for the two previous years. 
The month of January was also the most prolific in high prominences since 84 were recorded of 60^' or more 
in 30 observing days during. that month. 

No large eruptive prominences were observed or photographed during the p)eriod under review. The 
highest prominence recorded was photographed on June 22 betweeri — 19“ and — 27° on the east limb. Tliis 
was an extensive and nearly detached mass at 10 hours 3 1 minutes, the highest filaments reaching an altitude of 
210 seconds of arc. Owing to unfavourable weather, it was not possible to secure an extended series of photo- 
graphs, and the few obtained were of poor quality. The prominence appeared to be disintegrating rather 
rapidly, and at 11 hours 20 minutes the highest part was only 150" above the limb. 

D'tstrilmUon east and west of the sun\s axis. 

During each of the eight years since prominence observations were begun at Kodaikanal the eastern 
hemisphere has shown a numerical preponderance over the western.* The results for numbers and areas 
during the first half of 1912 are as follows : — 

1912 January — June .. .. JSast. West. E. — W. Percentage east. 

Numbers observed .. .. .. 1669 1528 + 111 52*20 

. V Total areas in square minutes .. .. 194*0 199*6 — 5*6 49-29 

Metallic prominences. 


Particulars of the metallic prominences observed are given in the following list : — 


Bate. 

I.S.T. 

Base. 

Latitude. 

North. South. 

Limb. 

Height. 

Elements giving bright lines- 


It. M, 









0 

1 0 

o 


1 ff 


January 21 

8 56 

1 

1-5 


W 

26 

Na, Mg, and 2 >Fe. 

February 29 

8 16 

2 

... 

12 

E 

40 

Na, Mg, and pFe. 

March G 

8 87 . 

... 


11 

B 

60, 30 

Na, Mg, and pFe, pTi, pOr, and He (6677). 

March 15 

8 33 

2 

7 


E 

15 

Na, Mg, and pPe. 

March 19 

GO 

6 


62 

W 

45 

Na, Mg. 

April 15 

8 46 

1 

[ • • • 

13*6 

W 

30 









Na, Mg, and pPe. 


8 45 

1*6 

... 

12 

w 

20 

. 

June 3 

8 23 

5 


8 

w 

15 

Na, Mg, pFe, and He (6677). 

June V 

8 22 


... 

9 

w 

40 

Na, Mg, pFe, and He (6677). 


Only nine prominences of this type were recorded, two in tho northern and seven in the south eru hemi- 
sphere. Most of these were associated with sunspot disturbances and occurred in regions of oaloium flocculi. 


An exception was that of March 'J9th 

on the west limb in latitude — 

52°, This showed the usual sodium and 

magnesium lines reversed but no others. The prominence richest 
in latitude — 11° E. The following lines were recorded; — 

in bright lines was that of March 6th 

K Rowland, 

Origin. 

High or lov level lino according to Fowler^ 

4924*107 

.. yjEe 

. . . . High level. 

4930*486 

Ee . . , . , . 


6018*629 

J»Pe 

. . . . High level. 

6167*678 54 

Mg .. 

i • 

5169*220 53 .. 



. . 
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X Rowland. 
5172'85(J 5a . . 

• « 


• • 

Origin. 

Mg 


High or low level line according to Fowler. 

5183*791 5, .. 

» • 


• • 

Mg .. 


• 4 • • 


5188-863 

• • 





• • • • 

. . High level. 

5195-113 

• • 

4 • 

• • 

Fe .. 




5206*215 


• • 


Or— Ti 



.. lib w level. 

5208-596 


• • 

« • 

Cr .. 


• a 4 4 

Do. 

6227*043 


« • 

* 4 

Fe — Cr 


• * 4 t 


5283*112 


• « 

• 

Fe 


4 ■ • • 


5234-791 




j?Fe 


• • • » 

. . High level. 

5270-558 



« 4 

Fe .. 


• • • It 

. . Low level. 

5276-169 




^Fe .. 


• • * ■ 

.. High level. 

5284-281 




. . 


• « 4 t 

Do. 

6316*790 




.. 


II • 4 • 

. . Do. 

5890*186 Da .. 




Na .. 


• • • 4 


5896-165 D, . 


• « 


Na .. 


4 4 • . 



This prominence was a brilliant eruptive jet in a group of fainter prominences and appears to have 
occnpied the exact position of a newly forming spot, No. 6977 of the G-reenwioh numeration. The promi- 
nences of April 15 at — 12° W, and — 13°‘5 W. were associated with spot group No. 6980 and may be 
considered as a return of the former since they occurred in the same mass of calcium flocouli which gave rise 
to both spot groups. 


The prominence of June 3 at — 8° W. occurred in a newly-formed spot group, Greenwich No. 6990, 
This outburst in the same zone of latitude as those described above was however about 40° of longitude in 
advance of the old disturbance first seen on March 6th. The relative positions of the old and new dis- 
turbances are well shown, in the calcium spectroheliograms obtained on the last day of May and the first days 
of June when the old disturbance still persisted as scattered flocouli. 


The distribution of the metallic prominences in latitude was as follows t ' — 


Number Mean 

observed. lat-itudes. 


Extreme 

latitudes. 


North ..... 2 4-2 1 — 7. 

South .. .. 6 17' I 7—47. 


DisplacementH of the hydrogen lines, 

Promiuences showing displacements of the hydrogen lines, probably due in most cases to movements in 
the line of sight, were few in number in comparison with previous years, and the displacements were for 
the most part slight in amount. The list below includes all the disturbances of this character that were 
observed : — 
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Date. 

I.S.T. , 

Latitude. 

Line. 

Amount and 
dir-ection of shift. 

Remarks , 

Red. 

! 

Blue. 

i 

1912. 

H. , M. 

O 





February 27 

32 

- 11 w. 

0 

Slight. 



March S 

8 48 

- 63 W. 

0 

>J 



» 

37 

- 11 E. 

0 



Metallic prominence (spot No. 6977), 

, 16 

33 

+ 7 E. 

c 

i f 


Metallic prominence. 

20 i 

9 50 

- 68 W, 

c 

J) 



,, 23 

7 57 

- 81 E. 

c 


Slight. 


April 2 

CO 

00 

- 58-5 E. 

0 

Slight. 



5 

52 

+ 81-5 E, 

0 

9) 



8 

21 

- 78 W. 

0 

f) 



8 

14 

- 41-5 W. 

0 

Jt 



8 

55 

+ 61*5 W. 

c 

tf 



„ 16 

16 

- 12 W. 

F 

3A 


Associated with spot group Nci. 6980. 

20 

35 

- 70-5 W. 

0 

0*6A 


1 

May 9 

8 37 

86*5 W. 

0 


Slight. 


„ 12 

10 

-- 72 E. 

c 

Slight. 


... 

22 

19 

- 79 E. 

c 




June 1 

8 29 

- 8*6 W. 

■■ 0- — 




» 3 

23 

- 8*0 W. 

0 

U 

lA 


Associated -with spot Ko. 6990. 

23 

10 6 

- 70*6 W, 

0 

Slight. 




It is to be noted that ont of twenty-six disturbances twenty-four gave shifts towards the red end of the 
spectrum and only two towards the blue. It is also remarkable that a large proportion (fourteen) were met 
with in high latitudes between the limits (18° and 80”, only seven being observed in low latitudes between 
7° and 17° and five in middle latitudes between 30° and 08°. Sixty-nine per cent, of the whole number were 
in the southern hemisphere and the largest displacements were assooiated with sunspot disturbances. 

The preponderance of displacements towards the red is a remarkable feature ; it is muoh greater during 
this period tlian in previous ^ years, but taking the whole series of abservations since prominence records 
began at Kodaikanal in 1904 there is found to be a very marked preponderance of shifts towards the red. 
Up to the end of 1911, 515 displacements have been recorded of which 305 or 59’2 per cent, were towards 
the red. In recording these displa<3ementR it is impossible to distinguish between symmetrical widening of 
the lines due to increased density of the hydrogen, and symmetrical widening in both directions due to 
motions in the line of sight, or pressure shifts combined with motion shifts. When the line is bodily 
shifted from its true position there is little doubt in ascribing it to motion, but in the majority of oases the 
line is widened on one or both sides, or a sharp wedge-shaped point projects from, the line in one or both 
directions. If all the cases of symmetrical widening were classed separately and deducted from the total 
number observed, the proportion of displacements towards the red would be increased to 62'4 per cent. 

If this tendency towards the red is to /be ascribed to motion it appears to involve an effect due 
to some influence of the earth, and one hesitato.s to dismiss this as altogether - improbable in view of the 
remarkable preponderance of eastern over western prominences, and?, the atearent influence of the earth on 
sunspot phenomena discovered by Mrs. MAundor. On thdi other hi^nd it is easy to ascribe this tendency 
to an effect of pressure if we could be ante that presBures of the order required are possible above the 
photospherio level. 



Milliontlis of sun’s visible hemispbero. 
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These disturbances show on the whole a very marked preference for the eastern limb although the small 
number recorded during 1912 predominate on the west limb. Of the 516 displacements observed up to the 
end of 1911 j 298 or 57'9 per cent, were on the east limb, a preponderance of which only a small part may 
be ascribed to the greater frequency of prominences, on that limb. It appears that prominences are not 
only more numerous on the east limb than on the west but they are decidedly more active on the east 
limb. 

Prominences projected on the dish as absorption marhings. 

Photographs of the sun’s disk in Ha light have been obtained since April 1st, 1911 with the autocollimat- 
ing grating speetroheliograph. During nine months of 1911 photographs were obtained on 161 days and 
during the first six months of 1912 on 89 days. The distribution in latitude of the absorption markings- 
which appear in a large proportion of the plates during these two periods is shown in the accompanying 
diagrams in which the mean areas, corrected for foreshortening, are given for each zone of 5° of latitude. 

Mean Abe as op Ha Absoeption Maekings. 

Apeil 1st to December 31st, 1911. 

Total mean area for North hemisphere 162‘9 millionths. 

Do. do. South hemisphere 70GT millionths. 
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Mean Aeeas of ila' \:^BsoEPTioN' M aekings.' 
January 1st to June SOth, 1913. 



There is a general similarity of these curves with the prominence distribution curves for the same 
periods (see page 1, and Kodaikanal Observatory Bulletin No. XXVI, p. 499). The maximum in the southern 
hemisphere in the zone 45 55 and the minimum in the polar regions is the same for prominences and 

absorption markings, and there is a tendency towards reduced activity at the equator in both. An exact 
correspondence in the details of the curve is not to be expected on the assumption that the absorption 
markings are prominences projected on the disk, because, while it seems to be true that ever>’ absorption 
marking is associated with a prominence, only a comparatively small proportion of the prominences indicate 
dheir presence on tho disk by absorption phenomena. 

The high latitude zone of activity between 45° and 55° in the southern hemisphere has produced by far 
the largest proportion of prominences which show as absorption markings, and these markings tend to form 
more or less connected chains extending across the disk, a feature which had previously been inferred from 
the fact that the high latitude prominences at tho limb bad frequently been observed for many days in 
succession in nearly the same position angle, and often on both east and west limbs at the same latitude. 

The activity in low latitudes, between 5° and 15° north and south in 1911, and between 10° and 15° 
south in 1912, is closely coimeoted with sunspot disturbanees which were prevalent in those regions in both 
hemispheres in 1911, and in the south only in 1912. A spot disturbance is almost always accompanied by 
absorption markings, generally of a sharply defined linear character, often curiously sinuous, whilst in the 
higher latitudes the markings may he described as irregular blotches. 

Comparing the two periods under review the general distribution is muoh the same except that the low 
latitude activity in the north during 1911 has practically disappeared in 1912. There is a great reduction of 
mean area in 1913, the totals for the two periods being 869 millionths of the visible hemisphere per diem in, 
1911 and 333 millionths per diemin 1012. This reduction is partly connected with the reduction in the number 
of spots, hut the high latitude zones have also shown much smaller mean areas in 1912. The general 


reduction is also shown by a comparison of the number of days when no dark markings were found on the 
plates, this during the first period was 14 per cent., of the whole number and during the second 45 per cent. 

Markings on the Ha spectrohelio grama which are brighter ^ than the general background have also been 
frequently photographed. These have invariably been associated with spot disturbances and are the same as 
have been recorded visually from time to time in the neighbourhood of spots. 


Kodaikanal, 
November 1912. 


J. EVEESHED, 

Director, ICodaikanal and Madras Observatories. 





BULLETIN No. XXX. 


SUMMARY OF PROMINENOP] OBSERVATIONS FOR THE 
SECOND HALF OF 1912. 

ihe distribution, of the promineiicos in latitude during the six months ending Deoember 31, ^912, is 
represented in the accompanying diagram. In this the full line gives the mean daily areas and the broken 
line the mean daily numbers for each zone of 5° of latitude. The scale of ordinates represents tenths of 
square minutes for the full lino and numbers for the broken lino. Both are corrected for partial or imperfect 
observations, the total of 130 days of observation being reduced, to 114 “ effective days. 

Mean Akeas and Mean Numbers op Prominences — 

July 1 to Dicembur 31, 1912. 

Mean areas — full line. 

Moan numbers — broken line. 



There is a very slight reduction of activity compared with the previous six months, affecting chiefly the 
numbers for the southern hemisphere. The curves differ but little in form from those of the fcst half of 
the year. The polar regions to latitude 60° show the smallest aotivity, and the equatorial region extending 
for a few degrees on either side of the equator is also a region of relative poverty in prominence formation. 
A new zone of activity is indicated between 15° and 20° south but the zone of maximum activity remains as 
before between the parallels 45° and 50° south latitude. The general preponderance of the southern hemi- 
sphere over the northern is still maintained. 
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numbers for each hemisphere corrected for partial observations are as 


IMorth 

South 


Mean areas Mean 

(sqnare minutes). numbers. 

0- 90 8-8 

1 - 53 10*6 


2-43 


19-3 


, ,, “oathly, quartorly, and half-yearly frequencies, corrected for partial observations, are given in the 

following table mvvhich the mean height and mean extent arc also given. 


Abstract fot' the second half of 1912, 


Months. 

Nuoiber c 
observ 

Total. 

f days of 
ation. 

Effective, 

Number 

of 

prominences. 

Mean 

daily 

frequency. 

Mean 

height. 

Mean 

extent. 

•July ... ... 

17 

■ H 

224 

16-0 

7/ 

'25-6 

1*27 

August ... ... 

22 

19 

358 

18-8 

28-4 

1*86 

September 

' 27 

28 

430 

18-7 

30' 3 

ITS 

October ... 

21 

18 

258 

14-8 

32-0 

1-80 

JSTovember 

18 

.16 

359 

22*4. 

28-1 

1*87 

December 

25 

24 

574 

23-9 

27’C 

1*10 

Third quarter ... 

60 

66 

1012 

18T 

28*6 

1-16 

iFotirth quarter 

04 

68 

1191 

20*5 

28-7 

1*24 

Half-year 

130 

114 

2203 

19-3 

28-0 

1*20 


_ Compared with the previous six months the mean frequency has faUen off hy about 4 per cent but tHs 

fr rrXn^*!'’^ “ “ ‘’'I’ prominences, so that the mean area for the whole sun 

Js practically the same for both periods. 


Mean height. 

The average apparent height of the prominences, 28"-6, is almost identical with that found for the 
previous six months. 

hemh?of recorded during the 130 days of observation which attained an apparent 

The h h r 214 which gives a daily average almost equal to that of the first half of the year 

-on S...W 

^□.0^0 M.a "O—nOod thorowia bj very dienddi «ch lii. fiiddaenfe .t 9 ^ 1 1^! 

filaments underneath the mam mass were rapidly chane-in^ and i fi^aiis ot these 

being composed for the most part of minute bright points. The nndcr-'smfroe oTZli^dlS ™7SteTy 
bounded and brighter than the upper surface, and the dond ended abruptly at lalitudo - 35° aI tL S 
the lower smface was 40 above the photosphere at 8>- 11»* bnt rose to ,70" at 0i> 11»* and 90" at QH ^Th 
top of the highest part of the cloud near its northern end rose from 136" at Si> ll- to 166" at 91 11“ and 182" 
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■at 9^ 45™. A later photograph taken under cloudy conditions at 10k 11™ showed that no marked increase 
in height had occurred. The prominence waa comparatively short Jived as no trace of it was visihlo on the 
previous or subsequent days. 


DistribuUon emt and west of the sun’s am's. 

The eastern limb shows a slight preponderance in numbers over the western, whilst for areas the west 
limb gives the larger totals. The figures are : — 


1912 July to Deconiber. 



East. 

West. 

rerooni-agu 

CilSt. 

Numbers observed 

• # 

• • 

.. 1115 

1091 

60-54 

Total areas iu square minutes of are . . 

•' • - 

« • 

.. 130-4 

1 ‘ 16*6 

47-08 


Metallic frominences. 

Metallic prominences were exceedingly infrequent only four being observed (during the six monthSj 
particulars of these are given in the following list ; — 


MetaiUc prominences divring the second half of 1912. 


Date. 

Time 

I.S.T. 

Base. 

Latimdo. 

Limb. 

Hoiglit. 

Eloraoiits giving bright 
linos. 

North. 

South. 


II. M. 

1 

O 





July 31 

a 61 

1 

78-6 

... 

WOBt. 

20" 

Na, Mg and p. Eo. 

September 10 

9 00 

3 

... 

32 

East. 

26" 

Na, Mg and p, Eo, 

No-vember 2 

S 4M 

6 

... 

18 

East. 

46" 

Na, Mg and p. Po. 

» 7 

8 39 

2 

1 

36 


East. 

16" 

Na, Mg and p. h’e. 


Dispheements of the hydroyen lines. 

Nineteen displacements of the 0 lino wore noted, ton of thcHO were in high latitudcis (60“ or over), eight in 
middle latitudes between 20° and 60°, and one in latitude 18°. The greatest displacemont observed amounted 

“to 6 A towards the red, this was in the metallic prominonoo of November 2 at — 18° oast. It may bo noted 

ihat all the displacements exceeding 0'5 A. were towards the rod and on the east iimb, and of the total number 
•observed fourteen were towards the red and six towards the blue, wliilst eleven wore' on the east limb and 
eight on the west. 

The preference for the east limb and the prepondoranoe of displacements towards the red is in accordance 
with the averages obtained during the past eight years. 

Prominences projected on the disc as absorption marh'nys. 

The sun’s disc was photographed in Ha light on 68 days and on 29 of the plates absorption markings 
■are seen. The distribution in latitude of those are given in the accompanying diagram in which the moan 
ure as, corrected for foreshortening, are given for each, zone of 5° of latitude. This curve differs markedly from 
those obtained for the periods 1911 April to December, and 1912 January to June. The greatest develop- 
ment of markings is here found to be in low latitudes in the southern hemisphere between the limits 5° and 
'20 , whilst there are secondary maxima at — 45° to — 55° and -I- 45° to + 50° corresponding with the prominence 
maxima in those zones. On referring to the prominence curve on page 9 there is seen to be a secondary 
maximum in the zone — 15° to — 20° which does not occur in the previous periods,; the prominences in this 
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’>y “ proportion of absorption markings than those 
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foiio2;rH: :s: ‘i;: - -.0.0^ in «. 


North 

Sonth 


1912 January to June. 
Areas. Numbers. 

81 0-39 

252 1-07 


Total 


1912 July to December, 
Areas. Numbers. 

''56 0-32 

S82 1-28 


333 


1-46 


438 


P’rom this It IS seen that there has been a decrease ir, tl.„ r~. 

compensated by an inerease in the sonth, so that on the whole t^rh ^'oon more tha 

IS IS entirely due to the development of markings in the sone - 5 ” tol 'r ^ 

^lie distribution east and west of the ppntrai -j* c ~0 . 

east over west, the %ures are :- meridian of the sun shows a distinct preponderanoe c 

•• .. Total areas. Total numboi s, 

^iV^est •* ., ,, * *’ *’ •• 1047 gg 

to the paucity of spots, only toj' eSp?arrgl7tL”pkW^^ dieturbanees, tHs is du, 

The Obseevaioet, KonAiEANAL, 

27a Feinim, 1913. „ EVBRSHED, 

Direeior, Koia.ikcmal md Madras Ohsmatm-m.. 
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BULLETIN No. XXXI. 


SUMMAEY 01 PROMINBNCli OBSERVATIONS TOR THE FIRST HALE OE 

THE YEAR 1913. 


The diatribation of the prominences in latitude during the .six monthsending June 30, 1913, is represented 
m the accompanying disgram. In this the full line gives the mean daily areas, and the broken line 
the mean da, ly numbers, for each eone of 5° of latitude. The scale of ordinates represents tenths of sqnare 
minutes of are for the full line and numbers for tho broken line. The means are corrected for partial 
or imperfect observations the total of 168 days of observation being reduced to 153 “ effective” days 

Mean Areas and Mean Numbers op Prominences. 

January Ist to June SOth, 1913. 

Mean areas —full line. 


Mean numbers — broken line. 



The usual reduction of area is shown in the polar regions (60° to 90°) and in the immediate vicinity of 
the equator, indicating the general dependence of the distribution on the solar rotation. 

The mean daily areas and numbers for each hemisphere corrected for partial observations are aa 
follows : — 


Mean areas 
(Sqnare minutes.) 

... 1-23 

South _ 1*19 

Totals ... 2-42 


Mean ntiinbors, 

9-61 

9-66 


19T7 


13 


14 


The monthly, quarterly, and halt yearly frequencies, corrected for partial observations, and the mean 
height and extent, are given in the following table « 


Abstract for the first half of 1913. 


Months. 

Number of days of obsei’vatiou. 

Number of 
prominences. 

Mean daily 
frequency. 

Mean height. 

Mean e.'ctons. 

Total. 1 Eifective. 

January 

Februaiy 

March 

April 

May 

June 

First quarter ... 

Second quarter 

Half year 

26 

27 

31 

29 

28 

25 

23 

25 

30 

28 

26 

21 

461 

515 

653 

530 

448 

327 

20-0 

20-6 

21'8 

18-9 

17-2 

15-6 

n 

29-9 

29- 9 

29-2 

30- 3 

30-0 

26-3 

0 

1-39 

1-15 

114 

0- 99 

1- 03 

0-86 

84 

78 

1629 

20-9 

29-3 

1-21 

82 

75 ■ 

1305 

17-4 

2')-2 

0-97 

160 

153 

2934 

19-2 

29-2 

1-11 


Compared with the previous six months the mean frequency has remained practically unaltered, the 
mean height has slightly increased and the mean extent has slightly diminished. 


Mean height. 

The mean appai-anfc height oE the proinineiioes, 29''-2, exceeds that found for the previous six months 
by 0 •o. 

The total number of prominences recorded during 166 days of observation which attained heiglits of 
60 or more is 334 or an average of 2-0 per diem as against 1-6 per diem during the lattor half of 1912 , 
Five prominences were photographed exceeding 180 " in height. The highest was photographed on 
January 26th at latitude + 30 ° west. This was a small pointed cloud closely resembling in form the 
brighter part of the nebula photographed near Nova Persei. At 8'^ 20“ it was about 4/ above the sun’s 
hmb but appeared to be receding from the sun at a speed of about 30 kilometersper second and at 9^^ 50 “ 
it was outside the field of the spectroheliograph. ' 

■DistTihution east and west of the sun’s axis. 

The eastern lirnb shows a slight pieponderenee in numbers and areas over the western as follows: — . 

lyid January to June — „ * w . 

, East. West. Percentage east. 

Numbers observed ^ 14g5 4449 

Total areas in square minutes of arc ... 187-4 182 -:i 5 50*70 


Metallic 'prominences. 

table-i^ 'iamg the six months, particulars of these are given in the following 

prominences during the first half of 1913. 


Date, 


J anuary 
Do. ^ 
Marcli 
Do. 
Do, 


’ Time 
I.S.T. 


Base, 


Latitude. 


iSTortli. South. 


4 

4 

13 

26 

26 


Li nab. 


H. M, 

8 44 
'8 55 
8 85 
8 24 
8 24 


1 

2 

0-5 


25-5 

26 


46'5 

44-5 

41-5 


E 

W 

W 

w 

w 


Height . 


Elements giving bright lines. 


40 
10 
26 
70 I 
25 ; 


Na, Mg, jiFe. ■ ^ 
Na, Mg, jjEe. 

Ha, Mg,^)Pe. 

Na, Mg, pPe and He. 
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It is remarkable that two were observed on tie same day (January 4) and at the same latitude, one 
being on the north-east limb and the other on the north-west limb ; the latter was an exceedingly brio-ht 
point ot light exactly over a small sunspot (Greenwich 7008, Latitude + 26°). 

Displacements of the hydrogen lines. 

The number of displacements observed has largely increased compared with the record for the previous 
SIX months. This is partly due to increased attention being given by the observers to these observations 
and partly to the nse of more powerful instruments during the last three months. Altogether 87 of these 
disturbances were recorded and more than half the number (49) were iuthe high latitude areas between G0° 

and the poles, rwenty-three were in mid-latitudes 30? to 60“, and fifteen iu the equatorial region bounded 
by latitude 30°. 

The largest displacement recorded was on February 1 st at latitude - 1 - 81 ° oast when the 0 line was 
displaced 3 A towards the red at OH 40'". Two minutes later it had changed to S A towards the violet 
and at 9'* 5I”‘ the disturbance had subsided. 

. Forty-five of the displacements were towards the red. thirty-two towards the violet and ten in both direc- 
tions simultaneously. Fifty-six were on the east limb and thirty-one on the west. Finally the disturbances 
were almost equally distributed north and south of the equator. 


Reversals and displacements of the hydrogen lines on the disc. 

These disturbances being closely associated with sunspots are rarely observed during years of minimum 
spot activity. No noticeable disturbances of the 0 line were recorded near the small spots of January 
March and Aprd but on February 21st 8’> 20”' the dark line was displaced about 3A towards the red near 
spot No. 70.10 of the Greenwich series (Latitude + 27°) and on the 22nd lO^' IS”' the line was reversed in 
several places between main spot and the group of small spots following. 

Prominences projected on the disc as absorption markings. 

The surds disc was photographed in Ha light on 132 days and on 57 of these days absorption mark- 
ings are shown. The distribution of the markings in latitude are given in the accompanying diagram in 
which the mean areas, corrected for foreshortening, are given for each zone of 5° of latitude. 


Mean Areas op Ha Absorption Markings. 
January to June 1913. 


Total moan aroa for North homiaphero = 44 million bha. 
Do. do. South homiaphero = 84 do. 



Compared with the previous six months (See Kodaikanal Observatory Bulletin No. XXX, page 12) it 
appears that the three principal zones ,of activity in each hemisphere are in exactly the same 'latitudes in 
both periods, but the very active zone observed in 1912 at 10° to 20° south has in 1913 become of secondary 
importance. The reduction of activity in this zone-is also shown in the prominence curves. 
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The mean areas per diem in millionths of the sun’s visible hemisphere and the mean numbers are com- 
pared m the following table with the previous six months : — 


North 

1912 Jiily to December. 

Areas. Jl^umbers. 

1913 January to June. 
Areas. Numbers. 

... 56 

0-32 

44 

0'24 

South 

... 382 

1-28 

84 

0-56 

Total 

... 438 

1-60 

128 

0-80 


There is here shown a great reducdon in both numbers and areas in 1913, the mean numbers 

being reduced by half and the mean areas 3| times, so that the average size of the markings has also greatly 
decreased. ° ^ 


The Obseevatory, Kodaikanal, 
14th July 1913. 


J. EVERSHBD, 

Director, Kodaikanal and Madras Observatories. 
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BULLETIN No. XXXII. 


A NEW METHOD OF MEASUEING SMALL DISPLACEMENTS OF ■ 

SPECTRUM LINES. 

In the course of measurement of ,nany series of spectra photographed with the Kodaikanal gratin- 

speetrogiaph a new method of measuring suggested itself which seemed to giye promise of appreoiahly 

rednomg the accidental and systematic errors inherent in the ordinary method of hiseoting a spectrum line 
with a straight spider thread. “ “(’‘’‘'''rum line 

The essence of the now method consists in placing a positive copy of the plate to be measured reversed 
and almost m contact with the negative, film to film, and moving one with reference to the other so that the’ 
positive images are made to coincide successively with the negative images of the corresponding linos. 

No spider thread is used, and the accuracy of the adjustment for ooinoidenoe depends on the sensitive 
ness of the eye in estimating the change from the bright and dark contiguous images of a line to the 
perfectly uniform density which results when the positive image exactly coincides with the negati’ve and 

the positive copy has tlie same gradation of tone as the negative. ° ’ 

.1 “““y 0^ adjustment is greater than might have been anticipated, and it is independent of 

the width of «.e lines. The displacement of the 1) lines for instance at the sun's limb due to th! “Ir 
rotatiou can be measured almost, if not quite, as accurately as that of the much narrower lines of Pe etc 
Experience has shown that given the same amount of training in the new method as in the old, the adiust' 
ment for coincidence ot a positive and negative image of a solar line can he made with almost tl~ 
apparent accuracy as lu hiscotiug the line with a thread. A good deal of course depends on the cent™ Hn 
the original negative, and in the case of the sharply defined and very dense emission lines of the arc or spa* 

t”nt:iirri^i'”“““‘'^"“ 

The principal advantage claimed for the new method is in the reduction of the accidental errors bv 
reason of the double intervals measnred. It is in fact almost equivalent to doubling the linear disoersion nf 
a plate without altering the width or definition of the lines. The method appears also to be Llely free 
from the large systematic bias which most observers become aware of when estimating displaoeLnts 
ween the lines m an absorption speotram and in a comparison spectrum of bright lines. 

e detection of asymmetry in a spectrum line is of interest and importance in some researches' By 
h method of reversing a pos tive end for end on a negative the slightest want of symmetry is revcalTd since 
e ess refrangible edge of a line in the copy is superposed on the more refrangible edc^e of the nol f 
and the condrtion of perfect uniformity of density when the centres coincide is destroyed“if the edges oHhl 
me are not similar. This reversal end for end is not essential for the measurement of displacements and 
w ere the lines in a spectrum are thioHy crowded, as in the violet and ultra violet solar spectrum it is 
better to take the positive copy through the glass. It is then not necessary to reverse it end for end on tho- 
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, The new method is applicable where the spectrum fco be measured does not exceed 2-3 mm. in width 
with a comparison spectrum contiguous to it on one or both sides. It has been used successfully to measure 
the displacements between sun and arc spectra where the arc lines are impressed on both sides of the solar 
spectrum, and to solar spectra where the central strip represents the sun’s limb and the side spectra repre- 
sent the centre of the disc ; also to solar rotation plates where east limb and west limb spectra form two 
•contiguous strips, or east limb, centre of disc and west limb spectra form three contiguous strips. 

Where the side spectra are the same as in the first two cases mentioned a positive copy may be taken 
in the ordinary^ way and reversed end for end on the negative and the lines brought successively into 
coincidence. 

If there are only two contiguous spectra, or three dissimilar spectra, it is necessary to obtain a T&VBTSsd 
positive to place on the negative. This may be done in several ways. A. positive may be printed through 
the glass with parallel light, or without using’ a collimating lens, by exposing for a few seconds to a naked 
electric arc placed at a distance of not less than 50 feet, and screening the plate from scattered light. 
Amother method is to take two contact copies in the ordinary way developing one as a positive, and revers- 
ing .the other to a negative with ammonium persulphate or other bleaching agent. The negative so 
obtained can be used on the positive. A third method which I Lave found to be much the most satisfactory 
is to take a single copy of the original negative with a long focus photographic lens using a moderately fast 
plate and placing the negative with the glass side towards the lens. If the conjugate foci are made equal 
the positive can be used on the negative. 

In many cases it is an advantage to enlarge the original about one and a half or two-fold. In this case 
the procedure is as follows : an ordinary contact positive is made on a moderately fast plate and developed 
so that it has the same gradation of tone as the negative. The positive and the original negative are then 
•copied with the enlarging camera, using lantern plates to increase the contrast. ' In copying, the positive 
must be placed with the film side towards the lens, and the negative with the glass side towards the lens (or 
vioe versa) care being taken to place the film in each case at precisely the same distance from the lens So 
■that the scale of the two copies is the same. Yery satisfactory results have been obtained by this method, 
the enlargement and increase of contrast being a distinct gain in measuring. 

By the ordinary method of measuring I have found no advantage in enlarging a plate if the scale of the 
original is not less than one millimetre to the angstrom because the increased width of the spectrum lines in 
■the copy and the more obtrusive irregularities of grain militate against the aconrate bisection of a line with 
the spider thread. With the new method neither the width of the lines nor the grain of the plate has very 
much effect on the accuracy of setting. With the spectrograph I have employed the scale of the original 
negatives is made as large as is consistent with reasonable exposure times. With a Eowland 3i-incli grating 
•of 15,028 lines to the inch the scale ranges between 1’2 mm and 2’0 mm to the angstrom and these may be 
enlarged with advantage up to 3 or 4 mm. to the angstrom. 

The photographically reversed positive may be placed on the negative film to film and either reversed 
end for end or not reversed. If the relative displacements between three different spectra are to be measured 
it must be so reversed, but for two spectra only it may be either way. When not reversed end for end the 
positive and negative images of all the lines on one spectrum come into coincidence simultaneously, and the 
entire spectrum assumes a uniform grey tint devoid of all details. In this way it is possible to obtain a 
generalized measurement of the displacements of all the lines of fche two spectra by measuring the amount 
■of movement required between the two plates in order to obtain this uniform tint, first in one spectrum and 
then in the other, half of this movement being equal to the mean displacement of the lines, A fairly 
accurate estimate of the mean result of a plate can in this way be made very rapidly. 

In addition to the advantages already mentioned the following may also be claimed for the new 
method. 

( 

In measuring displacements of two contiguous spectra by the ordinary method a troublesome correction 
has fco be applied for the inclination of the thread, to the spectrum lines, this being determined by numerous 
subsidiary measures. This correction is entirely avoided by the new method if the specfcrum lines may be 
assumed normal to the specfcrum, for it is easy to adjust the positive and negative plates with the spectra 
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■esaotly parallel to one anotlier lengtliwise so that the lines will also be parallel. With a properly designed 
slit the spectrograph may be accurately adjusted once for all to give spectra in wliioh the linos are exactly 
normal to the spectrum. 

In measuring with the photog]*aphioally reversed positive so that the positive inay be placed on the 
negative without reversing end for end, ansymmotrioal lines may be measured with the same ao<mraoy as 
symmetrical lines, which is far from being the case in bisootiug with a thread ; also with olosoly oliisterod 
lines such as occur in the violet and ultra violet part of the solar spectrum the measures can bo made by 
groups instead of single lines, for all tie lines of one spootrum disappear siinnltanoously when the i.oaitive 
and the negative are brought into ooiuoidenoe. This gronp method eliminates accidental irregularities in 
the distnhntion of the silver grains which certainly affect the measures of individual linos to somo extent 
by any method of measuring. 

Finally the strain on the eyes soems to be loss severe in estimating densities of line images of considor- 
able width compared with the strain of concentrating attention on an exooedingly narrow thread and trying 
to place it central on a less well defined line image. ’ ‘ ° 

The following fairly obvious objections ma.y be made to the inothod : 

(1) The extra tune and trouble recpiired in inakhig enitablo positives and in setting up tbo iilatea 
for measurement. 

(2) The possibility of new sources oP error introduced in coiiying oapocially when copies u,ro obtamod 
through the glass. 

(3) Errors due to a parallax effect caused by the distance separating the two films. 

(4) Confusion resulting from the multipUcatiou of images in the field of view of tho rnicroscoiie. 
^Objection (1) must be weighed against tbo iucreaHo of accuracy obtained, '.fho extra trouble in. setting 

up tfie plates for measurement may bo largely mitigated by suitably designed apparatus. 

With regard to (2) the experience el tho writer is that no moa,Burablo distortion oocurs in the lines of 
a spectrum in copying either by contact, or with a lens and through the glass. If sucii distortion does 
occasionally occur such errors may be treated as purely accidental. 

(3) Errors due to a parallax effect become approcialdo if tho positive ami negative plates are separated 
by mtervals greater than -6 mm. ; with suitable apparatus liowovor tho plates can bo bronght to within 0-05 
mm. 11 the upper plate is out as small as possible. 

(4) The confusion of images is .sometimes rather baffling when the puaitivo is roversod ou.l for end 
•on the negative. With experience in working tho method this diUicvilty disappears. 

Apfxzratus. 

The accompanying drawing shows the essential features of tho apparatus that has beoii ustHl. A iihoto-. 
•graph of the micrometer with tho apparatus attached is also given. 

slot T P is a sliding brass plate .12 inches long x 2^ inches wide and having an opening or 

0 out along the centre lengthwise about i inch wide and 8 inches long. Two strip., of wood Je s„“tod 

is gumL;fiid:™;r ““““ i-'*- 

also fasTn fnelhm ! f “ ^ ^ ''’l.ia 

these sunuort^snrT^ in the centre. Brass anglepioces yt, A., aroscrovvod to the wood along the edo-ea • 

S made of Imrfl T,. ^ Between tho angle piece A., and tho edge of the sliding plate a long spring 

slooth and easy TheTuter ^ P'"*® ^g"'>'St A, and makes the sliding movement 

ways of the micrometer W u « made parallel to tho 

ovJr the ntgatX^hfflLTt:: 

together land this movement cannot d-»! f*'"® '*”*** *''0 corresponding lines are near 

photographs. adjustment for parallelism of the spectrum lines in the two 

■of i inch steeI ^ate.^**'onl^of*LM!T’''"f micrometer by two strong angle pieces made 

these S IS shown in the drawing. Each is oonueotod to the wood by a screw 
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passing tlirougli a hole in the steel made just large enough to allow the lihreads to pass freely through. A. 
■ larp nut with milled head N fits on each screw, and between the steel and the wood pieces of stout clock 
spring C are placed. By turning the nuts the springs are either compressed or released and the parts . 
helow are drawn up or forced down. The positive plate can in this way be raised or lowered and its 
inclination adjusted to parallelism lengthwise with the negative. 

On each of the steel angle pieces there is also provided a screw with milled head T. This ia screwed 
thropgh the steel in the position shown, the end bearing on the clock spring; its function is to adjust the 
inclination of the positive laterally and bring it into parallelism with the negative. 

By means of the two adjustments the surfaces of positive and negative are made parallel and brought 
as near together as the unevenness of the plates will allow, usually within ^ mm. Two clamping screws, 
M, hold the entire apparatus to the sKding carriage of the micrometer. The holes in the vertical part of 
the steel connecting plates are slotted and by loosening M the whole may be raised or lowered through 
about 10 mm. 

The microscope tube is shown in the upper part of the diagram its objective being at 0, about 3 inches 
above the plates to be measured, The microscope has a magnifying power of 12 diameters and a large 
field of view so that a length of 12 mm. of spectrum may be seen. 

Method of workmg.—Th.Q ne^tive to be measured is securely fastened to the micrometer stage along 
its edges by two or more strong dog clips. The sliding plate P is withdrawn and the positive copy which 
is cut as narrow as possible is fastened to the wooden strips with photographic paste. A very suitable 
adhesive is Higgins vegetable glue as this is not too strong, and when completely dry the plate may be easily 
detached. Before the gum has set the spectrum is made central and parallel to the edges of the sliding 
plate. A few minutes are allowed for the gum to set, and before the plate with the positive attached is 
replaced in the slide the latter is raised to its highest point by loosening the clamps M. The plate is then 
put in and the whole lowered until the positive rests on the negative, film to film ; the clamps are then 
tightened and the nuts N are turned so as to raise the positive just clear of the negative, the sorewa T are 
also slightly turned to adjust the two surfaces parallel. In order to bring the positive and negative spectra 
into coincidence and parallel to one another lengthwise the negative is adjusted laterally. In the micro- 
meter which has been used for this work the stage is provided with lateral movements which are a great 
convenience in making this last adjustment. 

The positive may now be moved by hand over the negative until the correspondtng lines in the two 
plates are near together in the field of view, it is then moved by the miorometer screw to get the successive 
coinoidenoes of positive and negative images in the two spectra to be compared, the successive readings of 
the screw giving twice the interval separating the lines. 

Besults. 

I give below two examiples of measnrea made in the ordinary way and by. the. new method, to show 
the relative accuracy obtam'ed. These represent two series of solar rotation plates. In the first series 
(example I) the exposures were made alternately on the sun’s east and west limbs, the central strip of spec- 
trum representing the west limb and the two side strips the east limb. Au ordinary positive reversed end 
for end on the negative was used in the new method of measuring, the original negative being used for the 
ordinary measures. In the second series (example II) the exposures were made simultaneously on east 
and west limbs, these being represented by two contiguous strips of spectrum each 8 mm. in width. 
The original negative was used for the ordinary method of measuring, and copies enlarged 1-4 times for the 
positive on negative method. 

I.— SOLAR ROTATION PLATE. 

Date — February 28, 

Latitude (mean) 

Angle D ... 

Oorreotion to limb 


11 . 


l°-4 

7°-2 

ttV 


Alternate exposures — 
centre strip west limb ^ = 2°*1. 
side strips east limb ^ = 0°*8. 










Ordinary method. 



C 

Direct. 

Reversed. 

I Mean. 

1 

Factors, 

A A 

2 

Km/seo. 

1 Residuals, 



mm. 

mm. 

mm. 


0 

A 



6262-773 


•133 

•128 

•131 

•5563 

'0363 

1-74 

- 1 

6266-572 

... 

•137 

•138 

•137 

•5632 

■0379- 

1-82 

+ 7 

6261-316 


*137 

•123 

*130 

*5506 

*0358 

1-72 

_ 8 

6265-348 


•139 

•137 

•138 

•54S1 

•0379 

1-81 

4- 6 

6270-442 

... 

•124 

•135 

•130 

•6464 

•0864 

1-69 

_ 6 

6280*833 


•144 

•135 

•140 

■6396 

•0378 

1-80 

+ 6 

6291-184 

... 

•147 

*137 

•142 

•6839 

•0379 

1’80 

+ 6 

6298-007 


•137 

•139 

•138 

•5301 

•0867 

1-75 

0 

6301-718 


•136 

•136 

•136 

•5281 

•C369 

1'71 

- 4 

6302*709 


32 

•131 

•132 

•6276 

■0347 

1-66 

-10 


Mean 

Probable error 


1 749 

± -012 


Positive on negative method. 


6252-7'5'3 

6256'672 

6261-316 

6266-348 

6270-442 

6280-833 

6291-184 

6298-007 

6801-718 

6302-709 


Direct. 


mm. 

•263 

•261 

•268 

•253 

•248 

■263 

•272 

•276 

•267 

•272 


Eoversod. 


Half moan. 


mm, 

•251 

•261 

•263 

•26S 

•260 

•266 

•279 

•270 

•2G6 

■271 


mm. 

•129 

•128 

■128 

•127 

•127 

•182 

■138 

■136 

■183 

•136 


Factor'S. 


•6653 

■6632 

■6606 

■6481 

■6464 

6396 

■6389 

•6301 

•6281 

•6276 


Mean 

Probable error 


Mean result of plate giving equal -weights 

Correction to limb 

Correction for secant of angle D ... 
Correction to equator ... 

Correction for earth^s revolution 


2 


A 

•0867 

•0364 

•0362 

•0348 

■0346 

•0356 

■0368 

•0361 

■0362 

•0388 


Km/«oo. 

Residuals. 

1-71 

4- 1 

1-70 

0 

1*69 

~ 1 

1-66 

- 4 

1'66 

- 4 

1'70 

0 

1-76 

4" 6 

1-72 

4 2 

1-68 

2 

1-71 

•4- 1 

1*697 
± *006 


Km/aeo. 

1 * 724 . 


+ *057 

4- *014 

4- -001 
+ -141 



Sidereal velocity at equator . , 1*937 


2 



22 


II.— SOLAR ROTATION PLATE. 

Date — May 22^ 1913. > 

Latitude ... ... ... 8°’5 Simultaneous exposures. East and west 3tril>8i 

Angle D ... 1°*8 contiguous. 

Correction to limb "sV 


Ordinary method. 


A, 

Direct. 

Reversed. 

Corrected 

mean.* 

Factors. 

2 

Km/sGc. 

Residuals 

6560' 4.34 

mm. 

■115 

mm. 

•124 

mm. 

*117 

•5840 

O 

A . 

•0340 

r84 

+ 0 

5562-938 

-121 

•130 

*123 

•5828 

•0358 

1-98 

“I"" 16 

5565* 931 

*124 

•126 

•123 

•6818 

•0356 

1-92 

-1- 14 

5567*621 

•110 

•112 

•108 

•5805 

•0314 

1-69 

- 9 

5569-848 

•118 

•118 

•115 

•6793 

•0334 

1-80 

■f" 2 

5573-075 

•120 

•116 

•115 

•6778 

•0338 

1-79 

“p 1 

5576-.320 

•116 

•129 

•120 

•5762 

•0346 

1'80 

_)_ 8 

5578-946 

•115 

•1-24 

•117 

•6750 

•0336 

1-81 

-t- 3 

5682*198 

-112 

•122 

•114 

•6733 

•0328 

1-76 

- 2 

5586-991 

-108 

•114 

•109 

•6712 

•0309 

1-06 

™ 12 

5588-985 

-121 

•116 

•116 

■6702 

■0331 

1-78 

0 

5590-343 

-116 

•112 

•111 

•6695 

•0817 

l-7(> 

8 

5601-605 

-120 

•119 

•117 

•6640 

•0330 

1-76 

— ■ 2 

5615-877 

•119 

•118 

•116 

•6571 

•0308 , 

l-6‘l 

- 14 

- 

Mean 





1*782 



Probable error ... ± -016 

* Correction for inclination of 'wir(' — '0026 mm, 


Positive on negative method {enlarged copies). 


Mean 

Probable error 


1*779 
+ *006 


A 

.Direct. 

Reversed. 

Half mean. 

Factors. , 

2 

Km/soo, 

Residual 


mm. 

mm. 

mm. 


O 

A 



5560-434 

•321 

•315 

•159 

4172 

•0332 

1-79 

•P 1 

5562*933 

•326 

■330 . 

*1.64 

4162 

•0341 

1-84 

+ 15 

6566-931 

■313 

•330 

•161 

•4162 

•0334 

1-80 

+ 2 

6567-621 

322 

•316 

•159 

'4146 

•0330 

1‘78 

0 

5569-848 

•325 

•323 

•162 

•4138 

•0385 

1-80 


5678-076 

•316 

•327 

•161 

•4127 

•0332 

1-79 

p 1 

5576-320 

•832 

•319 

•168 

•4116 

•0335 

1-80 

p 2 

5578-946 

•332 

■299 

•158 

•4107 

•0824 

1-74 

~ 4 

5582-198 

•340 

•315 

•164 

•4095 

•0335 

1-80 

p 2 

5586-991 

•322 

•307 

•167 

•4078 

•0820 

1-72 

„ 0 

5688- 986 

•824 

-320 

•162 

•4072 

■0329 

1-77 

- 1 

6590- 843 

•315 

■314 

•157 

•4067 

•0320 

1-71 

7 

6601-506 

•336 

•330 

•166 

•4027 

■0334 

1-79 

P 1 

5615-877 

•331 

•337 

•167 

*3977 

•0382 

1*78 

0 
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Km/seo. 

Mean result of plate giving equal weights 

... 1*780 

Correction to limb 

... + *047 

Correction for secant of angle D 

... -f *0002 

Correction to equator 

... + *034 

Correction for earth’s revolution 

... 4- *135 

Sidereal equatorial velocity 

... 1*996 


Tlie measures were made by myself and the same amount of care and attention was given to eaob 
metbod. Tbe plates were first measured witb tbe red end to tbe right hand and then reversed and the 
measures repeated. The results in fi’actions of a millimetre are given in the second and third column^ and 
the means in the fourth column; halved in the case of the new method which measures the double interval. 
The column headed gives the half interval in angstroms and this is converted into kilometres per 
second in the last column but one. 

It is seen that the residuals are notably smaller in the case of the positive on negative measures, and 
the resulting probable error is half that derived from the ordinaiy measures in I, and less than half in II. 
Up to the present fourteen rotation plates have been measured by both methods and in all of these- 
the residuals are smaller by the new method, the average probable error being + ‘OlS km/sec. by the old 
method and +'009 km/seo by the new. This is a somewhat smaller difference between the methods than 
is shown above, but some of the earlier measures show larger probable errors which are doubtless due to- 
inexperience in working the new method. 

It will be noticed that in the first comparison there is a systematic difference amounting to nearly 
8 per cent, in the mean results of the two methods. This is not easily explained, the inclination of the 
thread in the ordinary measures is in this case automatically allowed for iu taking the mean readings of 
the two side spectra which are similar ; and there appears to be no other source of systematic error. I can 
only suggest that personal bias affects one or other method, and I think it probable that the smaller values 
are the more correct. It is possible that in measuring in the ordinary way there is a tendency to exagger- 
ate displacements even when, as in my own measures, a sliding mask is used to limit the field of view to 
one spectrum at a time. In all the rotation spectra I have measured in duplicate the old method gives 
larger values of the displacement than the new but there is often some uncertainty as to the correction for 
inclination of the thread, The average value of the sidereal velocity at the sun^s equator from 14 plates is 
1*946 km/sec. for the old method and 1*925 km/sec. for the new. 

In example II the agreement of the mean results is very close but this is possibly accidental. The 
correction for inclination of the wire is determined by measuring the lines of the arc spectrum of iron 
impressed on the plates outside the solar spectra and in. this plate only four arc lines are strong enough for 
measurement. The results given by these lines were not very consistent and the correction is therefore 
somewhat uncertain. 

In measuring by either method the mean of five settings is taken as the reading for each line, and from, 
the accordance of the individual settings the probable errors of the readings have been computed for all the 
lines in the two plates. The probable errors of the difference of readings, i.e., the displacements were then 
derived for each line. The average probable error of a line derived in this way does nob differ materially 
from that derived from the accordance of the different lines, as is shown below : — 

Prohahle errors of a single line. 






By accordance 

By accordance 





of lines. 

of settings. 

No. 1 Ordinary method 

• » • 

• •• 

• •• 

± *039 Km/sec. 

+ *049 Km/sec. 

„ Positive on negative 

• •• 



± -019 „ 

± *030 „ 

No, 2 Ordinary method 


• • • 

.. 

± -050 „ 

± ‘060 „ 

Positive on negative 

3 

• • « 

... 

... 

± '028 

± *028 „ 
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4 lie number of Hues measured being 10 for No. 1 and 14 for No. 2 the probable errors of the moaii 
resnits of the plates are — ‘ ' 

Probable er^'OTs of mean results of plates. 

No. 1 Ordinary method 
„ „ Positive on negative 
No. 2 Ordinary method 
„ „ Positive on negative 

For these plates tlierefore the probable error is about halved in the positive on negative measures i:j,« 
compared with the ordinary measures, and the gain in accuracy is about the same whichever way blxo 
probable errors are estimated. 

The method has been found particularly useful in measuring the small displacements between the lineB 
of the arc spectrum of iron and solar lines at' the centre of the disc. In 'this case also enlargement of fclxo 
original negative is advantageous. I give as an example a recently measured plate containing live iroix 
lines. The positive and negative plates were enlarged from the original to a scale of 2’7 millimetros to tlio 
■angstrom. i 


By accordance 
of Hues. 

+ ‘012 Nm./sec. 
± '006 „ 

± -016 
+ ’006 


By accordance 
of settings. 

+ ’015 Km/seo, 
h ’009 ,, 

+ '013 „ 

± -007 „ 


Date— March 26, 1912. 
Hour angle of sun 

Correction for orbital velocity of earth 
Correction for diurnal velocity of earth 


Centre of sun's disc and Pe arc. 

24° 45' east. 

• •• ••• ... ... +'485 Km/sec. 

-*191 


Total correction = Y = ... +-294 


A 

Direct;. 

Reversed. 

Mean, 

Factors. 

2 

Oorroction for 

V-. 

' i 

__ 

O — are. 

444.2' SIO 

4447-892 

4461-818 

4466-727 

4494'738 

mm, 

-069 

■103 

•053 

•075 

•060 

mm. 

•073 

•101 

•067 

•079 

•061 

mm. 

•071 

■102 

•060 

■077 

•061 

•3720 

•8711 

•3687 

•3678 

■3639 

o 

A 

•0132 

•0189 

•0111 

•0142 

•0110 

o 

A 

— •00436 

— -OO-ISB 
~ •00487 

— ■00438 

— •00441 

■ ■ . o 

A. 

+ •0088 
+ •0145 
+ '0067 
+ •0098 
+ •006(> 


The different Imes in this case show yery different displacements, as is seen in the last oolnmn o - arc 
it is not possible therefore to deriye probable errors from the accordance of these as the differences arc remH 
The average probable error for each displacement derived from the aooordanoe of settings is + -OGO-S 1 tlio" 

greatest being ± '0005 A and the least ± -0001 1. The same mean result is got by a comparison of diroct 

and reversed measures, taking account of the fact that the figures given in the 2nd, 3rd and 4th columns n-F 
the above table represent the double intervals. 

The accuracy of settings for the arc lines is greater than for the solar lines, the mean probable error 
of an arc line from five settings being ±^-00018 A and for a solar line + -00024 A. With the best ar„ 

• lines the error does not exceed + '0001 A, which on the of tbp -i • • i x . 

V O , nnn^ mi • ^ measured is equivalent to 

•0003 mm. X • 0 6 mm. Thu entraordmary degree of precision may he easily attained by paying- 

attention to certem details of manipulation both in taking the original photographs and in copying thenT 
As the best results for nnsymmetrieal lines are got by photographically reversing the positive with refer' 
once to the negative and not reversing the spectrum end for end, it follows that the positive images on on.e 
side of he spectrum wil be superposed on the negative images on the opposite side, and unless the images are 
of equal density on noth sides the sensitiveness of the adjustment for ooinoidence will be greatly impairea 
In taking the original photograph therefore care should he taken to ensure this equality of density Fo ' 
direct current and a steady arc it is sufficient to reverse the poles during the exposure so that positive auX 
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negative poles change places with reference to the spectrograph slit, and an equal exposure is given in each 
position. This will also correct any very small change of wave-length which may be suspected in the 
radiation from positive or negative pole. 

In making the positive and negative, enlargements for measurement it is, as already mentioned, 
essential that. both shall have the same gradation of tone; at any rate for the lines to be measured. In 
many cases the variation of density for the different lines is so great that it is difficult or not possible to 
obtain a positive which is the exact counterpart of the negative, but with ordinary care in development 
the positive may be made to exactly neutralise the negative for a large proportion of the lines. The “ fit 
of the plates may be tested immediately after fixing hy sliding the positive on the negative film to film 
while wet, and holding up to the light. In measuring, good results cannot be obtained unless the movement 
of the micrometer is perfectly smooth and without appreciable “ backlash Ordinary spectrum micro- 
meters leave very much to be desired in this respect ; there is considerable fiuotion in the gunmetal slide, 
and unless this is constantly attended to and cleaned the movement becomes irregular with much lost 
motion in parts of the slide where the oil has become thick, or dust has accumulated. The apparatus I have 
adapted for use witli the micrometer is to be regarded as a preliminary makeshift, useful for ascertaining 
the possibilities of the method, I have little doubt that still greater accuracy could be attained if the 
micrometer were specially designed for the purpose. It would be better for instance to have a fixed 
microscope and slide for the positive, and mount the negative on a carriage moving on wheels. With a 
practically frictiouless movement the lost motion could be reduced to an infinitesimal amount and the wear 
on screw and nut would be greatly lessened. 


Kodaikanal, 
29th July 1918. 


J. EVBRSIIED, 

Director, Kodaikanal and Madras Ohservatories, 
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BULLETIN No. XXXIIL 


PROMINENCE PERIODICITIES. 

BY T. ROYDS, D.So. 

The half-vearly data of prominences and Ha markings prepared for the Ivodaikanal Obseryatory 
Bulletins lead one to suspect regular variations of short period in them. In order to investigate the matter 
more fully it was resolved to construct the periodogram of prominences in the same way that Schuster has 
. done for sunspots.* 

2. Any investigation of periodicities must be based on fairly complete and uniform data. At 
Kodaikanal visual observations have been maintained on a uniform plan since February 22nd, 1904, and 
the spectroheliograph has been in continuous use from December 1904, since when both visual and photo- 
graphic observations have been available. The obseiwations from January 1905, may therefore be taken 
as a sufficiently uniform series and have been used in this investigation. As for their completeness it may 
be stated that since 1905, the average number of days in Hie year on which the prominences observations 
have been made is 298, the lowest being 269 in 19^16, and the highest 312 days in 1910. 

3. The total prominence areas for each month for the years 1905 to 1912, have been got out from the 
observatory records, and the mean daily areas obtained by dividing by the effective number of days of 
observation in each month. This effective number of days has been arrived at by marking a day on which 
the conditions of observation were not good as \ or day according' to the equality of the sky and definition 
at the time of observation. The data are given in Table I. 

Table I. 


("Total Prominence Areas in Square Minutes 
Kodaikanal ^ EH'eotive number of days of Observation > for each month. 

([.Mean daily Promiuonce Aieas in Square Mintitea j 


Year. 

Jan. 

Peb. 

Mar. 

April. 

' 

May. 

June, j 

July. 

Au^. 

Sept. 

Oot 

Nov. 

Deo. 


116'8 

127-6 

167*7 

103-4 

123-0 

81-1 

100-6 

127-2 

77-0 

111-8 

79-9 

101-0 

1905 

24^ 

24 

254 

234 

254 

lO] 

iH 

20.1 

16 

184 

tbj 

24] 

4-76 

6"3l 

6'(32 

4’45 

4-86 

4-10 

6-16 

6-2l 

4-81 

6-02 

6'23 

4'On 


144, '4 

167-4. 

25;] 

140'4 

122-3 

127-4 

39-5 

36‘1 

32-0 

48-6 

50-3 

30-6 

68-8 

1906 

26 

26] 

234 

*26| 

12i 

124 

114 

184 

194 

i3f 

164 

5-65 

6'56 

6'26 

5-20 

4-95 

316 

2'95 

2-85 

2-66 

2-58 

2-22 

4'16 


149 '3 

150"9 

181"6 

120-8 

136-2 

54-3 1 

64 1 

69-1 

94-6 

107'6 

58-8 

106-0 

1907 

27 

26.1 

29£- 

22i 

284 ' 

164 

12| 

12] 

21 

18] 

IB 

4*49 

264 

5'51 

5"75 

610 

6-88 

4-82 

3-34 

5-03 

5 '42 

4'60 

6'72 

4'16 


168'7 

136'8 

21.1 

254'6 

226-9 

203-8 

108-6 1 

58-8 

111-4 

77-0 

107-2 

121-3 

101-3 

1908 

'25L 

25 

274 

281 

164 

11 

214 

194 

174 

244 

2U 

6"61 

e"36 

10"20 

8-33 ' 

1 7-10 

6-37 

5-33 

5-25 

4-00 

6-20 

4'95 

4-70 


119’8 

138 "2 

157"2 1 

124-2 

116-2 

. 76-6 

36-9 

86-1 

100-4 

89-0 

• 90-6 

101-4 

1909 

S'li 

24j 

284 

24 

22 

154 

94 

164 

21 

214 

31f 

28f 

5-57 

5"70 

556 

5-18 

5-29 

5'Oi 

3-88 

5-55 

4-79 

4 '14 

4’16 

4 '26 


97"0 

124"2 

182 "0 

110-4 

29 


55-8 

81-9 

65-0 

64'5 

90-4 

91-5 

125-2 

1910 

22 

23i 

30 


134 

13f 

.134 

154 

2O4 

4-40 

17 

80 

4-40 

6 "29 

606 

3-83 


4-21 

6-95 

4-07 

4-16 

6'38 

4-17 

1011 

72'8 

86'0 

75'2 

105-1 

68-2 

58-1 

27-5 

67-2 

63-2 

72-8 

86-2 

70-4 

23k 

251- 

284 

244 

23 

164 

94 

20 

. 19 i 

19 

36| 

16,4 


3-10 

3"40 

2'66 

4-34 

2-58 

3-68 

2-98 

3-36 

3-24 

3-83 

6-15 

4-33 


98'6 

91'2 

60 "4 

63-6 

45-5 

40-4 

27-4 

51-4 

47-6 

34-0 

51-2 

70-6 

1912 

274 

24f 

254- 

22 

22 

n 

8 

124 

18 

114 

144 

22-1 

3"40 

3-69 

2-37 

2-89 

2-07 

6-57 

3-42 

4-11 

2-65 

2-95 

3-54 

8-17 


* Schuster, Phil. Tra^s. Roy. Soc. A. vol. 206, p, 69, 1906. 
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4. Tlie periodogratn reproduced in Fig. I on page 30 was obtained from the mean daily areas for eaoh month 

from 1905 to 1912/ by first calculating the Fourier coefficients of the periods of 12, 18, up to 22 

months, and the first, second, and in some oases, the third sub-periods. The ordinate of the periodogram 
is then proportional to the product tif the sum of the squares of the Fourier coefficients and the time inter- 
val to which the Fourier analysis has been applied.* As the interval 1905 to 1912 does not include more 
than 5 complete periods of 19 mouths the curve was carried only so far beyond this point as to show 
whether the incipient rise was continued. The ordinates of the periodogram, and the phases at 1905‘04 
are given in Table II, the phase being 0° when the period has its maximum. 

Tablh 11. 


Ordinates of the Periodogravi (S) and Phases cf>. 


Period in months. 

s. 


Period, in months. 

B. 

4* 

3i 

80 

1° 

8 

748 

1“ 

4 

249 

163“ 

8i 

228 

286“ 

, 

0 

296° 

9 

174 

58“ 

4i 

82 

28“ 


36 

197“ 

4'8 

]S2 

281“ 

10 

23 

16“ 

6 

49 

14° 

lOi 

406 

209“ 

6^' 

186 

106° 

11 

2180 

37“ 


64 

814“ 

12 

2806 

61“ 

5ir 

1.22 

178° 

18 

3790 

5“ 

P 

588 

104° 

14 

8831 

295“ 


2160 

29“ 

15 

1012 

212° 

6i 

710 

818“ 

16 

182 

88“ 

Oil 

106 

289“ 

17 

80 

296“ 

7 

248 

26.8“ 

18 

868 

1“ 

n 

1843 

108“ 

10 

729 

141" 

n 

1676 

67“ 

20 

455 

249“ 

n 

1000 

22“ 

^1 

200 

60“ 


It is seen that the prominence periodogram shows the presence of three periods of large intensity, two 
nearly homogeneous, of 6^- and 7i months and a third, which is provisionally fixed at ISiJ- months as being 
probably the highest point of the baud. 

The times of maxima are as given below in Table III. 


Tablh III. 


Period. 

13§ monthH 


n 


» 

)> 


Times of Maxima, 

1912 October 4 + n. 13^ mouths. 
1912 August 22 + n. 7-J- mouths. 
1912 Juue 21 ^ n. 6^ mouths. 


5. Before proceeding to discuss this periodogiam, it is necessary to consider whether the periods 
indicated above have not been introduced into the data in deriving the mean daily areas. It is clear that 
unless the days of incomplete observation have been exactly allowed for, a periodicity in the number of 
days of observation will cause the same periodicity in: the daily areas, of an intensity depending on the 
exaxjtn^BB wiitn which the allowance can be estimated. It was consequently foreseen that there might 
appear in the daily areas from this oanse, at least one period', namely 12 months owing to the annually 
recurrm^. lup^soons. In order to remove all doubts as to what periodicities might be introduced in this 
way, I have constructed the whole periodogram of the effective number of days of observation. This curve, 
which is also given in Fig. 1, has a peak at 12 months, which shows that unless the allowance for partial days 
has been strictly exact, the prominence periodogram ought to be raised or lowered at this point. The curve 
of effective days of observation also shows peaks as subperiods of the annual period, namely at 6*0 months 
and 4*0 mppths, but these are inconsiderable. 



* SoJinBier Proc. Roy, Spc; A., vol. 71 , p. 180, 1906, 
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I have sliown therefore that the periods in the mean daily prominence areas o£ 6;^, 7 1 and iSfi months 
are not due to periodicities in the number of days of observation. Consequently it is of no immediate 
importance to estimate the effect of a possible under- or over-allowance for the days of incomplete observa- 
tions, but whether the allowance has been under- or over-estimated can bo tested by considering the phases 
of the period in the number of days of observation and of the resulting period in the daily areas. For, 
during poor observing months when the number of days of observation is small, the effective ninnber of 
days is too large if the allowance for partial days is under-estimated and consequently the daily areas too 
small. That is, the areas are too small when the number of days of observation is small, or in other words 
the phases are coincident. Similarly, when the allowance is over-estimated the phases are opposite. For 
instance, if I under-estimate the effect of partial days by making no allowance at all, the phase of the annual 
period in prominences is 56°, nearly coincident with 53° for the number of days of observation, whereas 
after making the estimated allowance in is 61°. It seems therefore that the allowance may still be under- 
estimated. 

It should be pointed out that the scale of the peiuodograrn of effective number of days of observation 
in Fig. I is an arbitrary one 

6. The best proof of the reality of the periods which have been found in the Kodaikanal daily areas is 
their presence in the prominence data of other observatories. The "‘^Memorie della Societa degli Spectros- 
oopisti rtaliani^' contain prominence data which, although dependent on less frequent observations and 
not including prominences less than 30" high, extend for many years back. The mean daily frequencies 
for each month from 1881 to 1912, deduced from observations at Palermo and Catania, have been analysed 
and the resulting periodogram shows distinct peaks at the same points as the Kodaikanal curve, as shown in 
Fig. 1. Although the ordinates are much smaller than in the Kodaikanal curve, indicating that the 
periodicities may not have been active during the whole interval 1881 — 1912, and although otdier peaks (not 
shown in the figure) are present, those results strongly confirm those deduced from the Kodaikanal observa- 
tions. In further confirmation we have the fact that the phases agree as well as could be expected for each 
of the three periods. This is shown in Table IV. 


Period. 


13| months 


63 


Table IY. 


Phase at IflOS'Oit 


Kodailcanal. 

Palermo -Catania. 

340° 

12° 

57° 

138° 

29° 

59° 


7. It is desirable to give an idea of the amplitudes of the three periods which have been found in the 
Kodaikanal observations. The average of the mean daily prominence areas for the whole interval is 4'64 
square minutes and the amplitudes are the following percentages of this average, the range being double the 
amplitude 

Period. Amplitude as percentage 

of average of mean 
daily areas. 


13^ months 


13-6 % 
9-1% 
10 * 1 % 


We can obtain some idea of the ratio of these amplitudes to that of the 11 year period in prominences. 
The Palermo- Catania series extend over a sufficiently long interval to give an approximate value at least^ of 
the amplitude of the 11 year period, and by a comparison of Kodaikanal and Catania observations during 
the years 1905 to 1912, it is seen that the 11 year period has a slightly smaller amplitude in Kodaikanal 
areas than in Gatanio, frequencies. The amplitude of the 13^ month period in the Kodaikanal data is, as 
^ result of this comparison, about that of the 11 year period and the amplitudes of the 6|- month and the 
7^ month periods are each about J. 

8. Two of the periods found are near planetary periods of revolution. The sidereal period of Venus is 
7’88 months and the synodic period of Jupiter 13T1 months; the synodic period of Venus is 19*19 months^ 
but the slight rise of the periodogram at this point has probably no real significance. Considerations of 
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phase shoWj howevei’j that these coincidences are probably accidental. The maxima of the period of 7'3S 
months occur when Yenns is about its ascending node, and the maxima of the 18*11 month period, vvlion 
Jupiter is in eastern quadrature. 1£ the coincidences are real, the causal connection must be an obscure one 
in view of these facts. 

9. I have shown that three periodicities namely of 13|-, 7^ and 6-^ months exist in tlie promineiicu' 
areas as observed a,t Kodaikaual from 1905 to 1912 and have obtained some confirmation of them from the 
long series of Italian observations. Other independent prominence data which are sufficiently comp lo to fianl 
continuous are, however, highly desirable in order to establish firmly the reality of these periods. 

The Oeskrvatory, Kodaikaxal, T. BOYDS, 

AugiLst \Sth, 1913. Asst. Director, Kodaikanal and Madras Ohsorvawries . 
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A COMPARISON OP THE PERIODICITIES IN PROMINENCES AND SUNSPOTS. 

BY T. BOYDS, D.Sc. 

I liave already^ determined the amplitude of the 1 1 year period in prominences for comparison with 
the amplitudes of certain short periods, notably one of 13v} months, which were found to exist in the pro- 
minence observations at Kodaikaual and Catania. When it was found further, as will be detailed below, 
that the short periods in prominences had no counterpart in sunspots, it became very desirable to determine 
whether the well-established sunspot periodicities other than that of 11 years, existed or not, in prominences. 
I therefore undertook the investigation of periodicities up to 11 years, by the periodog’ram method of 
Schuster" with the best data which were available for the purpose. 

The data used are those published in the Memorie della Societa degli Spettroscopisti Italiani based 
upon observations made by the Italian observers of all prominences exceeding 30''' in height. These 
observations extend from 1871 onwards, now embracing over 3 eleven-year cycles, and are the most 
complete and uniform series of prominence observation.s at present available for so long an interval. They 
are therefore the most suitable for the investigation of long periodicities. The quarterly and half-yearly 
values of the mean daily frequencies as tabulated in the Memorie della Societa degli Spettroscopisti Italiani 
were used to' determine the intensities of periods from 2 to 13^ years. The work was carried out in a 
manner similar to that which Schuster has worked out® and .applied to the investigation of sunspot periodi- 
citiesk The two Fourier co-effioieiits were first determined for each period and its first, and sometimes the 
second, sub-periods. The ordinate of the periodogram is then proportional to the product of the sum of 
the squares of the Fourier co-efficients and the time interval to which the analysis has been applied®. The 
data were arranged to give the phase at the time of first datum of 1881, i.e. at 1881*25 for periods deter- 
mined from the half-yearly values, or at 1881*125 for those determined from the quarterly values. The 
ordinates of the periodogram (^), and the phases (4>) determined from half-yearly values are given in Table 
I and from quarterly Values in Table II. Tlio-phase is 0° when a period has its maximum. 


Tabli I. 

drdiiiates of the Periodogram (S) and Phases {4>) at 188I.*25. 


Period in years. S. 

4 

Pei'iod 

in years. S. 

4 

Period in years. S. 

4 

Period in years. 8. 

4> 

6 

5030 

301°: 

\ n 

... ' 8896 

166° 

10 

12970 

128° 

12.} 

22200 

43° 

6i 

1730 

277° 

\s 

9870 

128° 

10k ... 

21900 

122° 

13 

19830 

32° 


2676 

235° 


3667 

113° 

11 

28600 

95° 

13i 

16350 

22° 

ef 

2660 

226° 1 

'9 

4350 

133° 

Hi .. 

32200 

77° 

t| 



7 

8800 

196° 


7510 

136° 

12 

29250 

64° 

!j 








Tablu II. 








Ordinates of the Peonodogrard fSi} and Phases {((>) at 188 1* 125, 



Period in years. 8, 

4’ 

Period 

in years. S. 

4 

Period in years 

. 8. 

4> 

Period in 

years. 8. 

4’ 

2 

808 

114° 

' 

970 

138° 

4k- , ... 

2235 

134° 

' 

3090 

269° 


368 

154° 


1640 

: 81° 

4| ' ... 

1127 

84° 

6i 

2840 

255° 

n 

579 

368° 

n 

... ' 784 

' 35° 

4i ... 

1680 

119° 

61 

8500 

221° 

21 

... 44 

162° 

H 

280 

16° 


1988 ... 

65° 

7 

799'0 

196° 

2k 

208 

142° 

: 3£- 

440 

70° 

5 

2605 

96° 

H 

8900 

178° 

2f 

1113 

81° 

4 

383 

SSS'? 

5i ... 

3995 

, -,69° 

H 

9240 

165° 

2t- 

539 

299° 


. ... .1060 

345° 

6i 

8846 

2r 

n 

... 10400 

146° 

. 2-1 

37 

199° 

4^ 

1145 

203° 

6f 

4343' 

34(5° 

, 8 

... 10650 

13,3° 

3 

172 

O 

CO 

o 

4t 

... 554 

143° 

6 

3645, 

308° 

8i 

7165 

116° 


J Eoyds, Kodaikanal Obaervatory Bulletin ISTo, XXXIII. ^ Schuater, Broc, Roy. Soo. A,, Vol. 77, page 136, 1906. 

^ Scbuater, Phil. Trans. Roy. Soc., Vol. 206, page 69, 1906. 
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The periodogram is plotted in Figs. 1 and 2 below. Fig. 1 is the part from 5 to 13^ years and Fig. 2 

shows the portion below 6J years on an enlarged scale. 

2. The predominant feature of the periodogram is, of oonrse, the 11 year period, of which the first sub- 
period (5-56 years) but not the second, is well marked. Other features are the truncated peak from 6| to 
years, which is probably composed of several periodicities, and small peaks at 4^ and 3J years. 

^ PEEIODOGEAM OF PEOMINFNCES. 

PEEIODOGEAM OF SUNSPOTS [Schuster]. 



, PERIOD IN YEARS. 

: FIG.>1. 


INTENSITY. 
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In order to facilitate comparison of the periodograins of prominences and sunspots 1 have added to 
Tigs. 1 and 2, on a convenient scale, the sunspot periodogram as given by Schuster^ for the years 1826-1900. 
This spot periodogram relates to: a much longer time interval than that for which prominence observations 
are available, bnt this curve will serve for a general comparison. It is at once seen that the peaks of the 
11 year period and its first sub-period are more pointed in the sunspot curve. This is of course due to the 
increase in what corresponds, in the optical analogy of the periodogram, to the resolving power brought 

about ny the longer time interval and the greater reliability of spot data. It should here be mentioned 

that the slight dip at 5;^ years in the band of the prominence periodogram due to the first sub-period of the 
11 vear period has no real significance. When so short a time interval as the present is being analysed, 
fictitious discontinuities are likely to be introduced in the presence of homogeneous periods, by the 
relatively large variations of the time interval into which the intensity is multiplied to give the ordinate 
of the periodogram. 

3. We now turn to a discussion of the individual periods which have been established for sunspots.-— 

[a) 11 year period . — The interval of 3 cycles is not sufficient to determine as accurately as may be 
desired the exact period in the neigJibourhood of 11 years, but there can be little doubt that the true period 
in prominences is coincident with that of sunspots which Schuster has fixed at 11'125 years. Before 
proceeding to discuss the phases of the 11 year period it may be mentioned here that lliccb has recently" 
published a discussion of the same data on which the periodogram I have constructed is based. He finds, 
inter alia, that the maxima of prominences occur 2 years later than sunspots in two cases and one y'ear 
previously in the third. How far this is due to a delay in the ll year maximum can now be determined 
from the phase of the 1 L year period. Assuming the true period to be 11T25 years, we deduce from the 
phases given in Tables I and II the following times of maxima for that period and its first sub-period. The 
phases for sunspots according to Schuster are given for comparison : — 


Period. 


11’125 years 


5-56 


J5 


Dates of Maxima in 
Prominences, 


1 906-3 ± n. 11-125 
1903-6 + n. 5-56 


Dates of Maxima in 
Sunspots, 

1905-31 ± n. 11-125 
1903-75 -h n. 5'56 


It is seen that the 11 year period has 
its maxima about one year later in promi- 
nences than in sunspots whilst the maxima 
of first Buh-periods are practically coinoi- 
"dent. Of coarse, it must be remembered 
that the 11 year periodicity in prominences 
is based on 3 cycles only and may therefore 
be considerably in error, but the p)hases 
are deduced from several neighbouring 
points in the band. 

The effect of the greater retardation of 
the main period relative to the first sub- 
period is to flatten out the maximum of 
the 11 year cycle thus extending the 
duration of great activity of prominences. 
This retardation of the main period and 
the flattening out of the maximum is seen 
from Thg, 3, which shows the average 
growth and decay of prominences during 
the 11 year cycle, compared with the curve 
for Greenwich sunspot areas, on a conveni- 
ent scale, for the same time interval. 


CURVES OF Q-ROWTH AND DECAY DURING 11 YEAR 

CYCLE. 

A. Pkuwinkncics 1.880-- 1912. 

B. Sunspots 1879-1911. 



1 Schuster, PM. Trans. ‘206. 69. 1906. Table IV, column IV, and Table V. 
- Eicco, Mem. Spett. It., Ser. II, Vol. II, page 14^7, 1918. 
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(6) Periods of 4-'80, 8-36, 4:*38 t/eara.—None oE tliese periods establisliei for suusjjofcB can be identi- 
fied with certainty in the prominence periodogram. This is due in the. more important cases to their being 
hidden, if present at all, in the broad bands dae to other periods. The most persistent spot period, 4’80 
years, for instance would be hidden in the band at 5^, and the 8‘36 period in the band from 6§ to years. 
The less certain spot period of 4‘38 years, may be identical with the peak at 4^ years in the prominence 
periodogram. If this is really so, the maxima in prominences occur at 1896*4 + n. 4*38, rather earlier than 
in sunspots, where they are at 1897*00 + n. 4*38 years. This comparison of phase is however hardly 
warranted in view of the uncertainty of the assumed identity of the periods in spots and px’ominenoes. 

4. There are other periods in the prominence periodogram which have no counterpart in Schosteris 
curve for sunspots. The most important are those periods which are not distinctly resolved in the band 
from 6f to 8;J' years. The intensities of these periods are too large to be acoidental, being indeed, after 
the 1 1 year period the most marked feature of the periodogram. Although the 8 year period maybe 
affected by the spot period of 8*36 years the rest of the band is totally absent from the sunspot periodo- 
gram. It seems therefore, as though there was here a real difference in the periodicities in sunspots and 
in prominences. This conclusion is not warranted, however, until these periods are shown to be absent 
from sunspots in the time interval 1880 — 1912 for which the prominences are analysed; for it is possible 
that they might have been present in spots also for so short an interval but absent at other times, thus 
giving a small average intensity over, the long interval 1826—1900 to which the spot periodogram relates. 
I have therefore determined the intensity of the periods of 7, 7i, and 8 years from the yearly values of 
the Greenwich daily sunspot areas from 1880—1911, and the relative intensities are given below, the points 
being marked thus O in Fig. 1, on a scale to show their true importance compared with the 11 year period. 
The values are given below together with those for prominences for compariBon : — ■ 


Period. 

Belative mteasity, 

Phases in spots at 
1881*126. 

Phases in prominences 
at 1881*126. 

In spots. 

In prorAinenoes. 

1 

11 years 

1 

1 

... 

... 

8 „ 

0*19 

0*88 

lae* 

138“ 

n 

0*12 

0*82 

149“ 

165“ 

7 „■ 

0*16 

0*28 

217“ 

196“. 


From the table we see that there can he no doubt in consideration of the agreement of phases (whioh, 
since they refer to the same time interval, are strictly comparable whatever the true periods may he) that 
identical periodicities exist in both sunspots and prominences, although their relative intensities are 
doubled in prominences. 

It is seen therefore that there are within the region 7 to 8 years periods of considerable intensity 
n sunspots for the time interval 1880—1911, but since their average intensity during the interval 
.1826 — 1900 is small we must conclude that these periods are not permanently active. So far then as the 
periods between 6| and 8J are concerned there is no marked real difference between the sunspot and 
prominence periodograms, since if the spots and prominences are analysed for the same time interval, 
the snme periodicities are found in each. 

The period of years whioh is also absent from the spot periodogram* cannot, in view of its small 
intensity, be regarded as certain. We must conclude therefore that all the periodicities whioh can be 
established in prominences are present also in sunspots. 

5. It is very evident from an inspection of spot and prominence data, that at the times of minimum 
solar activity, the activity of spots sinks much lower than that of prominenoes. In the following table are 
given the relative amplitudes of the periods which have been found, expressed as a percentage of the average 
value of the daily prominence, frequency over the whole time interval, and compared with the corresponding 

data for spots 
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Period. 

A mplitixde in Prominences. 
(Average daily frequency 
3*7a.) 

Amplitude in spots. 
(Average daily area 562.) 

11‘125 years 

44% of average frequency. 

73% of average area. 

5-56 

18% 

17 % ,) 

4'5 „ 

13% 


6|to 8i „ 

28% „ « 

33% of average area- 


Short Periods. 

6. Periodicities between 4 and 19 months have already been investigated in the prominence observations 
made at Kodaikanal during the years 1905 to 1912i. It is convenient here to summarise our knowledge of 
the existence of short periods in prominences. In the Kodaikanal observations was found a period of 13-^ 
months with an amplitude about that of the 11 year period as well as two others, less certain, of 7^ and 
6| of amplitudes each about i- The 6| month period may be partly due to the sub-period of IS-l months. 
If we take the Catania prominence observations for the same interval, we find that the first two periods 
have amplitudes of about ^ of the 11 year period, but the 6^ month period is absent. The phases are not 
in good agreement, but the Catania observations are not so complete as those made at Kodaikanal where 
prominences below 30" are taken into account. When we consider the longer interval of Italian obser- 
vations 1880 — 1912, the average amplitudes are then small although the phases agree well with those derived 
from Kodaikanal observations. It appears, therefore, that the short periods mentioned are not permanent,, 
but are in evidence only a comparatively short time. 


SUNSPOT PBEIODOaRAMS. 



7. For the purpose of comparing these periodicities with those in sunspots, Mr. A. A. Narayana Ayyar, 
B.A., of this Observatory, has analysed sunspot data for short periodicities. The Greenwich data for each 
rotation of the sun were divided into intervals of about 12 years, the last of which, 1899-*--1910 includes the 
interval for which Kodaikanal prominence observations have been analysed. The periodogram for 1899 
to 1910 was constructed first, and it was found that the 13 month period of prominences was entirely 
absent but a new one of just over 8 months was intense, having an average amplitude during these thirteen 
years of about ^ that of the 11 year period. On passing to the previous twelve years 1887— -1898 however 
the intensity of the 8 months period was practically zero and also small during the interval 1874 1886. 
The periodop’rams of the two first mentioned intervals are given in Fig. 4 above. It was found on closer* 


' RoydB, Kodaikanal ObseiTabory Balletin No. XX2CIII. 
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investigation that tliis period of about 8| months was present from 1892 — 1896 and reappeared again 
from 1903 to 1910 with the same phase as before. From the years 1874 to 1892 its appearance in proper 
phase has not been detected. 

With regard, to existence of the 13 month period in spots even when the interval 1905 to 1911 was 
analysed separately its ampHtnde was still not large. We see then that so far as these short periods are 
concerned, they are not simultaneonsly present in both spot and prominences ; they appear in each for a 
short time only and then disappear and perhaps reappear again. 

SUMMARY. 

A. — Long Periods. 

1. The prominence periodogram is very similar to that of spots for the same time interval. 

Between 2 years and 11 years there are no periodicities present in prominences which can be proved to be 
absent from sunspots, and mce -yersa. ' 

2. The 11 year period is the predominant feature of the prominence periodogram, and its maxima 
occur about one year later than in sunspots. The maxima of its first sub-period, 5-56 years, are not 
delayed in prominences. 

3. Periods between 7 and 8 years of considerable intensity in prominences have been shown to be 
present also in spots, but they are not permanently active. 

B, — Short Periods. 

1. A period of 13 months in prominences from 1905 — 1912 is not present in spots and one of 8j]r 
months in sunspots is absent from prominences. These periodicities are not permanent but the spot period 
of 84 months has been shown to disappear for a time and reappear again later. 

I wish to express my obligations to Mr. A. A. Narayana Ayyar, b.a,, Third Assistant of this 
Observatory for his careful determination of short periodicities in sunspot data. 

'i 

Kodaikanal Observatory, 

November IBih, 1913. T. ROYDS, 

! ' . , 

Assistant Director^ 
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THE APPARENT EEEEOT OE PLANETS ON THE DISTRIBUTION 

OF PROMINENCES 


BY 


T, BOYDS, D.Sc„ AND S, SITARAMA AYYAR, b.a. 

In Kodaikanal Bulletin No. XXVIII, Mr. Evershed has shown that during the years 1904—1912' 
a larger number of prominences has been observed on the eastern limb of the sun than on the western, accord- 
ing to the observations made at Kodaikanal as well as those made at Oatama and Kenley. This led to the 
supposition that the earth exerts an extinguishing influence during the transit of prominences across the 
disc thus producing an unequal distribution at the two limbs, and similar effects were looked for in the ca^pes 
of the other planets. Mr. Bvershed concluded that there was slight evidence of planetary action similar in 
efiect to that of the earth in the case* of Venus only among the major planets. 

2. It seemed to us that the periodogram method of Schuster * would afford a means of deciding definitely 
and conclusively for, or against, planetary influence. For, if any planet exerts an appreciable influence on 
the relative numbers on the ea.st and west limbs, there will not only be a well marked periodicity coincident 
with the synodic period of revolution of the planet but also a second criterion will be afforded, namely , the 
phase of the period must bear some interpretable connection with the relative positions of the earth, sun and 

8. The periodogram which is reproduced in Fig. 1 on page 38 was constructed from the Kodaikanal 
observations of the number of prominences seen on the eastern limb, expressed as a percentage of the total, 
for each month of the years 1904—1913, June. The two Fourier co-efficients were calculated for periods of 
12 13, 14, . . • ■ • • months and of the first and second sub-periods of each. The ordinate 

of the periodogram is then proportional to the product of the sum of the squares of the Fourier co-efficients 
and the time interval to which the analysis has been applied.’’^- The ordinates of the periodogram and, the 
phases at 1904 January 15 (0“ at maximum) are given in Table I. 


Table T. 


OTdincbtes of Peviodog'^'aiin (<S) dfid Phases at 1904 04. 


Period in months. 

3f 

4 

S. 

003 

<l> 

806° 

Period in months. 

7 

3. 

007 

4 

3° 

Period in months. 

13 

S. 

1'33 

0'79 

134" 

n 

0'34 

249° 

14 


Oil 

012 

359“ 

n 

Oil 

164° 

15 


003 


0-84 

242“ 

7| ^ ... 

0'08 

359° 

16 


O'OO 


0-30 

299“ 

8 

0'34 

229° 

17 


O' 17 

4-i- 

019 

178“ 

Qi 

01.5 

29“ 

18 


Oil 

6 

0-27 

167° 

9 

006 

313° 

19 


0 02 

Si- 

019 

312“ 


017 

242° 

20 


U '28 

on 

86“ 

10 

doo 

272° 

21 


0'45 

6 

034 

20° 

10| 

020 

334° 

22 


0'46 

6i 

6^ 

6| 

0'53 

235° 

11 

O' 68 

286° 

23 


0'21 

Oil 

0'20 

141“ 

171° 

m 

12 

0'77 

0-87 

265° 

226° 

24 


0'09 


177“' 
97° 
148“ 
a89“ 
179" . 
106" 
185“ 
265“ 
211 “- 
155“ 
153» 
97 ° 


* Schuster, Proo. Roy. Soc., .A.-77j 136, 1906. 
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The periodogjram (Fig. 1) shows maxima at 13, 4^ (second sub-period of 13 months), 3|, 6, and about 214 
mouths. Of ' these, the iS months period is possibly the only real one. 

PEEIODOGEAM OF PEECENTAGE OE EAvSTEEN PEOMINENCES. 

PERIODOGEAM OF TOTAL PEOMl^NCES. 


Pw 

P 



Pbrioi) in months. 

> ■ Fig* i- 


The synodic period bf revolution of several planets are marked in the figure and at these points there 
^ould be a peak in the curve if the corresponding planet exerts any influence on the relative nuniber of 
prominences on the east and west limbs. 

■ It is seen that the ordinate of the periodogram is large near the pejriods of Jupiter (13' 11 months) and 
•of Mercury (3'81 months). The more distant planets Saturn, Uranus and Neptune have. their synodic. period 
alightly larger than 12 months, whilst the inflnence of the earth, if varjiable, would give rise to an annual 
period. The efleot, if any, of the planets Saturn, Uranus, Neptune and Earth is therefore superposed in 
ihe bEOid whose highest point is at 13 months, v , 

- U p. Evershed ebtained' evidence of a sMght indication of an-influence_exerted by. YenuSj but the evidence 
of the periodogram is entirely against it, for it 19-19 "months, the synodic period of Venus, there is ho 
suggestion whatever of a rise in the curve. This contradiction requires some explanation which probably 
lies in the fact that Mr. Evershed considered only the times near superior and inferior ccn junctions whereas 
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tHe method of harmonic analysis includes the whole revolution. In fact, a ^^radual extension of the limits 
between which the values are taken very soon reduces the apparent effect of Venus. The foUowing table, 
shows that when the prominence numbers for times between 56° on each side of the positions of conjunction 
are taken the apparent effect of Venus is practically zero. 


Distance of limits on 
each side of positions 
of conjunction. 

A’veiago par cent, of 
eastern promiuences 
near inferior 
conjunction. 

Average per cant, of 
eastern protninences 
near superior 
conjunction. 

Diflercnoa. 

19° 

■<3-61% 

52-19% 

■ 

1-4.2% 

30° *• 

53 90% * 

52-56% * 

1-34% 

37° 

52-82% 

52-31% 

0’51% 

56° 

52-60% 

52-61% 

-0-01% 


It is, however, not inconsistent with these facts that the combined effect of Venus and Earth becomes 
appreciable only when their difference in longitude is very small when a rapid increase of effect might take 
place, quickly dying away again as the planets separate. We have therefore constructed E’ig. 2, giving the 
average number of eastern prominences during the revolution of Venus, to show that such an effect cannot 
be large. 

GURYE OF PEEGENTAG-B OF EASTERN PROMINENCES DURINa SYNODIG REVOLUTION OP VENUS. 



ANGUnMl DISTANCIC VIIOM SUrKUIOR CONJUNCTION. 

F ig. 2. 

The remaining results deduced by Mr. Evershed are interpreted by the periodograra as follows : — 

(«) The absence of any .effect due to Jupiter' is due to the fact that the 13 month period has its zero 
values about the times of conjunctions of Jupiter (its maxima occurring about the times of quadrature as 
determined below). 

(b) The apparent effect of Saturn is due to its period (12-4 mouths) falling within the '13 month band, 
as also does the annual period. 

* G-iven by Bvsrshed, Kodaikanal Obsorvatiory Btilletiii, lilo. XXVIIl.l ■ 
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4. Oonsiderations of pliase mil now give some indication of the probability of the apparent effect of 
Jupiter and Meronry being real. 

The phase of the Jupiter period (ISll months) can be calculated from the phase of the trial periods near 
it, and is, at the date of 1904 January 16, about 166°. Consequently the maxima occur at the times 1904 July 
I + n X 13*11 months. If there is a real effect of Jupiter similar to that supposed to be exerted by the 
■earth, we should expect the dates of maxima to be near the times of the oppositions of Jupiter. TIig 
oppositions occur, however, at 1904 October 19 + n x 13*11 months. So large a lag as this, 260“ or* 9*6 
months, does not seem probable. The times of maxima are, indeed, nearly coincident with the dates of 
western quadrature of Jupiter and it is difficult to suppose a real influence of Jupiter such that the planet 
would exert its maximum effect in this position. 

The phase of the 3*81 month period of Mercury can be determined less accurately than that of Jupiter 
but would be at the same date 1904 January 15, about 61°, the maxima occurring, therefore, at 1904 February 
1 + n X 3*81 months. The maximum effect of .Mercury would he expected at the times of inferior con- 
junction, 1904 January 17 + w x 3*81 months which represents a lag of 47°, or 15 days. It is not likely, 
therefore, that there is a real effect due to either Jupiter or Mercury. 

Further, if the effect of a planet is proportional directly to its mass and inversely to some power of 
its distance from the sun ('as for instance a tidal effect), then since the supposed effect of Mercury is 
■comparable with that of Jupiter, the effect cannot diminish more rapidly than as the inverse bhird 
power of the distance, and consequently we should expect the effect of Venus also to be appreciable. Tliis 
is seen from Table II. The absence, however, of any effect due to Venus as indicated above, points ag-ainst. 
the reality of planetary influence. 


Tablb II. 

Relative Effect of Planets.^ 


Planets. 

BfPpot QC m/d. 

Effect OC Tn/d.3 

.Effect oC m/d.^ 
(Tidal force.) 

Effect oC m/d."* 

Meronry 

. 0-14. 

0-87 

0-96 

2-44 

V enuB 

1*12 

1-64 

2'18 

2-06 

ISaxth ... 

I’OO 

I'OO 

I'OO 

1-00 

Mars ... 

0-07 

0-06 

0'03 

002 

Jupiter 

60 -46 

11'62 

228 

0-43 

■Saturn ... ... 

« 

9-86 

1-03 

Oil 

0 01 


T : T anyoitne planets have an influtmoe 

on the relative number of prommenoes on the eastern and western bmbs, and that therefore an inflmowno 
exerted by the earth is improbable. an mnmonoe 

5. Tbe band in the periodogram from 10 to 14 months at onoe reminded ns of the similar bamd in 
the periodogram of the total prommenoe areas.t In order to faoflitate eomparison, the periodogram of 
the total prominenoe areas has been added to Fig. 1, on a snitable scale. There ie a etrihing sirnilaritv 
between the two penodograms in that the mainfeatnre of each is a band at 18 months. The anb-period 
(4i months), is absent from the total prominenoes but the peak near 6 months is reproduced. Let ns no^w 
consider the phase of tbe periods common to the two periodograms. Since they both relate to admoet 
exactly the same time interval the phases of the same trial periods are strictly comparable whatever tlio 
true periods may be. The phases of the periods of eastern protninenees have been reduced to the epoch 
1905 January 15, for oompanson -with those of the total prominences taken from Table I oi the 
Xodaikanal Bulletin No. 7CXX III. The diffeienoes of the phase are given below in Table ID: for tKe IS 
month period and Table IV for the 6 month period. 

» • A Bimiilartable is given b> SotnBter, Proo. Eoy. SoQ. A-86, 309, 1911. 

+ RoydSj Kodaikanal Observatory Bulletin No. XXXin. 
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Tablb III. 

Phases 0 / Period near 13 months. 


Trial Period. 

j 11 months. 

1 

1 

11^ months. 

1 12 months. 

13 months. 

astern prominences ... 

253 ® 

237° 

226° 

205“ 

Total prominenoea 

-37° 

89° 

61° 

5“ 

Difference of phase 

216° 

148 

165° 

200“ 


Table IY. 


Phases of Period near 6 months. 


Trial Period. 

6 months. | 

6-J' months. 

Eastern prominences 

20° 1 

276° 

Total prominences 

101° 

29° 

Difference of phas>e 

276° 

247° 


For the 13 month period, wliich. is the ’most certain in l)oth. periodograms, tile pliases differ by approxi- 
matel7 180°, but tins is not so for tbe 6 month period though the values are in this case less trustworthy. 
This fact does, however, point to the existence of a real connection between the two periodograins. 

If the 13 month period in the relative number of eastern prominences is due to Jupiter, we shonld expect 
that it would be permanently active, whilst one of us has shown* that the 13 month period in total numbers 
has a small average intensity over a long interval from 1881 — 1912 according to the Italian data. Conse- 
quently we can test whetlier the connection between the two periods is a real one by examining whether the 
period in eastern prominences also disappears during the long interval. The Italian data are not so com- 
pleto as may bo desired for tlie purpose, giTma: froqueutly very large or very small values for the percentage 

at the eastern limb, but the evidouoe does point to the disappearance of the 13 month period since the 

average intensity over the years 1881— 1912 is only i of thn.t over the years 1904—1912. 

6 It is perhaps necessary to make clear that the similarity of the two periodograms in Fig. 1 cannot be 
due to accidental variations in the number of eastern prominences. When there is the largest number of 
prominenoos, at the times of maxima of the 18 month period, the number of eastern prominenceB would, if 

Lir variations were accidental, tend to approach their average v alne. At the times of minima of prommence 

. .in Unvp their fare e and small values and not 

activity, however, the eastern prominences would tend to have tnoir large . , , , , 

. n n n vr I-Ur+L in 0-0 intensity of the 13 month period due to accidental 

systematically one or the other. Consequently the average iniensuiy ui uai r 

variations would be small. . i ni j • ji, x j i 

The presence of the 13 month period in eastern prominences, opposite ,n phase to that in the toM, 

means that the 13 month period is more intense in western prommences than in eastein. le amp i nde 

• i /vr • i 1 4.^ tbe observed amplitude in the total prominences 

in western prommences is not sufficient alone to cause tue ODseiv 

which amounts to 13'6 per cent, of the average value. 

7. Some light is thrown upon the subject by studying the relative numbers of pronnnences nortb and 

south of the equator, for in this case also there is a systematic excess onthe one side, namely, on he sou ,hein 

where there appear an average of 51-78 per cent, of th^otal number. The periodogi-am ol^the percentage 

number on the north of the equator at both limbs was conatrnoted exactly similarly to that of t e mistera 
prominences. The pericdogram is shown in Pig. 3 below. It is at once obvious that there are no dehq.te 

periodicities in the relative numbers north and south of the equator and that therefoie the vana, ions ate 

Liefly accidental. This shows clearly, if proof were needed, that accid ental variations in e number 


* Hoyds, Kodaikanal Obseryatory Bulletin No. XXXIII. 
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of the^eastem prominences, which would not be greater than in the number of the northern prominences,, 
could not produce the similarity of its periodogram with that of the total numbers. 

- PEEIODOQ-RAM OF PERCENTAGE OF NORTHERN PROMINENCES. 



Fiu. 3. 


To what then is the sontheni excess due ? aearly not to planetary inflnenoe since there are no- 
neriodioities of less than 19 months present. The oanse may lie within the snn itself s,nd may possibly be 
dne to the of long period yariationa ooonrring during the time interval considered (1904-1913 done) 

hut whose nltimate oanse is still undetermined. 

8. to tho exooss of prominonoee on the eastern limb we have now the following faots awaiting 

explanainon ^ 1904-1912 disooversd and disonssod by 

(h) A periodioity of 13 months in the variation of the esstern exoeaSj probably identical with the 
13 month period in the total number of prominences but opposite in phase. Periods of 4* months (second- 
sub-period of IS months) and 3i months are also present but less important. 

AUl.ou.rh we have conolnded that these periodicities are not due to planete, and consequently that an- 
efleet due to the earth is improbable, the observed syetematio excess on the one limb, or any periodioity m 

its variations must be associated with tbeeartVs direction. In the absence of any mflnenoe exerted by 

the earth we are driven to the oonolusion that the effects observed are produced by the rotation of the snn 
(and would he observed from whatever direotion the sun were viewed) although Mr. Evershed dednoed' 
evidence on certain assumptions which pointed to the opposite oonolusion. If the rotation of the snn is 
the true oanse we do not see any obvious explanation of the 13 month periodicity aud, although long period 
variations may be also present whose maxima occur during the interval considered, we should expect the 

eastern eioeSs due bo this cause to be permanent. . ’ „ , . 

Per the further study of these problems there is a lack of Snffioiently complete prominence data for a- 
1 ne interval of time. It is greatly to he desired that nob only should observations be made as frequently 
a°s possible, but that prominences below 80" in height should be recorded in order to obtain values for the • 
prominence activity of the snn as ne arly tens as possible. . ; 

* Bverslied, loc. eit. 
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9. The similarity of the two periodograms seems to us to confirm the reality of the chief features of 
the periodogram in the total areas of prominences, for we know of no a priod reason except that stated in 
the second paragraph of section 6, why the percentage number on one limb should be dependent on the 
total. The confirmation is the more remarkable since the total prominence area per day depends on the 
number of days of observation, which introduces an element of uncertainty from which the percentage 
observed in the eastern limb is free, as the number of days of observation does not in this case come into 

consideration. 

T. ROYDS, 


Assistant Director* 


JSiODAlKANAL OB3BJRVArOEY, 

16th November 1913. 


S. S1TARA.MA AYYAR, 
Mrst Assistant. 
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BULLETIN No, XXXVI. 


A NEW INTEEPUETATION OP THE GENERAL DISPLACEMENT OP THE LINES OP TtlE 

SOLAR .SPBOTRTJM TOWARDS THE RED. 


In Bulletin No. XVIII a rongli estimate was attempted of the pressure in the reversing layer of the 
sun, based on the assumption that those lines which are most and least affected by pressure in the laboratory 
would also be similarly affected in the sun, so that a comparison of relative positions of the solar lines and 
the lines in the spectrum of the electric arc at attnospheric pressure should give a value of the pressure m 
the sun which would be independent of the absolute displacements of the solar lines which might be affected 


also by motion in the line of sight. 

The result of a comparison of the iron arc wave-lengths measured by Kayser and the solar wave- 
lengths of Rowland, the only material then available, seemed to show clearly that if the above assumption 
ig correct the pressure in the reversing layer could not exceed one ntmosphere, the evidence tending to 
show indeed that the lines most affected by pressure are in the sun slightly displaced towards the violet 
relatively to those least affected by pressure, indicating a less pressure in the sun than in the iron arc 

e.ir. • . j! 1 1 r + 

This conclusion oonllicts with estimates of the pressure based on the absolute shift of the solar lines o 

the red compared with the normal positions of those lines in terrestrial sources, such estimates indicating 
pressures up to five or six atmospheres. 

I propose to show in. this paper that taking into consideration probable differences of level the absolute 
and relative shifts can be quite easily explained as due to motion in the line of sight, and have very little 
relation to pressure shifts. 

The relative shifts to the red of the lines in the spectrum of the sun’s limb compared with the centre 
of the disc can also be much more readily explained as a motion shift, than as a pressure shift, although this 
interpretation involves an apparent influence of the earth on solar phonomona aaialogoiia to that which 
affects the distribution of sunspots and prominences. I shall give in a subsequent paper the results oi onr 
measures of the limb shifts and the conclusions to be drawn from them. 

Since the introduction of the electric installation at Koclaikanal Observatory it lias been possible to get 
direct measures of the absolute and relative shifts of the solar lines compared with those in the spectrum of 
the electric arc. It is evident that by directly confronting the arc and smi on ihe same plate, and measur- 
ing the absolute displacements, much more reliable results can be obtained than by comparing wave-length 

determinations of sun and arc by different observers 

Although the quantities measured are exceedingly small and subject to considerable errors, the results 
of the investigation so far as it has gone are so strongly opposed to the view that pressure is the main factor 
in producing the solar line-shifts that I consider it proper to publish these results, notwithstanding the fact, 
that a very large amount of measuring work needs yec to be accomplished before the exact values of the' 

shifts of each line can be considered as definitely established. 

The spectrograph employed for the work is designed to give the highest photographm resolution that 
can he obtained in the third order spectrum of either a Rowland or a Miohelson grating. Ihe form.er has 
15,028 lines per inch over a ruled surface 3^ in. long, and the latter has about 14,500 lines per inch and a,n 
effective ruling of 5 inches. The slit, collimator, and grating are mounted on a solid mass of masonry, the 
slit-mounting being firmly attached to a heavy iron rail which is embedded in cement. The camera-tube is 
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inclined to tbe collimator at an angle of 60 degrees, and the plate-holder is attached to a heavy momiting 
fixed on a separate masonry pier. The collimator lens is a visual achromatic of 7 ft. 6 in. focal length, and 
the camera lens is a single plano-convex of about 14 ft. focus for U. About bisecting the angle between 
camera and collimator is placed a 3-inch observing telescope, which receives light from the first or second 
order spectrum of the grating. 

The slit is provided with various devices for simultaneous exposures on different light-sourcjes and for 
alternate exposures. For the simultaneous exposures great attention is paid to the adinstment for seonriug 
a perfectly equal illumination of the grating from tha different light sources to be compared. For the sun 
and arc comparisons photographs were obtainedjwith a reflecting device placed iq front of tlio slit, by means 
of which simultaneous exposures were obtained at the exact centre of the sun’s disc and the arc spectrum of 
iron or other metal. The solar spectrum forms a central strip, 2 mm. in width, with the arc lines contiguous 
to it on each side. The illumination of the grating is adjusted with a wide slit^ so that an image of the 
object glass or projecting lens may be seen on the grating by observing througb. the telescope with the 
eye-piece removed, and adjusted to coincidence for each souVoe. fl’lie slit is then closed to its working 
width of '03 to *04 mm., the beam of light from each source is then spread laterally by diffraction and covers 
much more than the entire ruled surface of the grating. With this adjustment properly effected there can 
be no possibility of spurious shifts of the lines, due to unequal illumination of the grating from the two 
sources. 

The arc was obtained with a direct current and with iron poles burning in air at a pressure of 580 rnm., 
the normal pressure of the air at the elevation of the observatory. The current strength was between 5 and 
10 amperes, and the length of the arc varied from about 5 to 10 mm. The poles were usually reversed during 
the middle of the exposure so as to equalise the intensity of the iron lines above and below the solar spec- 
trum. Owing to the unequal relative intensities in different spectral regions of the sun and are spectra, it 
was found necessary in photographing some of the less refrangible lines to give considerably longer 
exposures to the arc than to the sun, in order to get good measurable lines in both spectra, but in the more 
refrangible regions the exposures were usually synchronous, although in the IT and K region where the arc 
lines are very intense the reverse procedure might he adopted with advantage. 

The plates were measured in the direct and reversed position on the micrometer, and the raeaii of the 
observed shifts taken. Owing to a systematic bias in measuring the lines of bright and dark lino 
contiguous spectra the shifts appear considerably larger in one position than in the other but this error is 
eliminated in the means. In a few oases the measures were made by the positive on negative method 
described in Kodaikanal Bulletin No. 32. A large number of tbe plates were measured in duplicate by 
different measurers and the mean results taken. In this work I have been greatly assisted by Miss 
Feline and Mr. Narayana Ayyar, b.a., third Assistant at this observatory. 

The scale of the plates varies j it is about F2 mm. to the angstrom near K, and 1'8 mm. to the angstrom 
near D. A few fourth order plates have been measured in which the sca,le was 2'6 mm. to the angstrom. 

The measures are difficult, and in some cases rather unsatisfactory. As the largest shifts found do 
not exceed 0’03 mm. in linear measure, and the limits of perception in the micrometer microscope for ordi- 
nary observers may be put at about 1/10 of this, it is obvious that the tabulated results must be subject to 
considerable errors, even when the mean is taken of several determinations. Nevertheless it is claimed 
that the order of magnitude of the different shifts is very fairly reliable, and cannot, I believe, be subject to 
changes which would modify the conclusions which I have based on them. Specially difficult lines such as 
those which are close doubles iu the sun, or unsymmetrically widened, as well as lines which are very weak 
in the arc, are probably greatly affected by the personal habit of the measurer. 

Some of the lines show a decided instability of position, giving sometimes a -f and sometimes a — shift. 
This is not due to difficulty of measurement, since the lines are well defined in both sun and arc. I cannot 
say whether this instability is ,iu the solar or arc lines, but in most cases where it occurs the plates have 
been re-measured and the results confirmed. 

Another difficulty encountered is the systematic variation of the shifts from plate to plate. Although 
individual lines generally give the same relative shift on different plates, the absolute shift varies some- 
wka-c from piate to plate, so that measures from a single plate can only be trusted to give relative shifts. 
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As relative shifts however are of great importance in determining the relation to pressure shifts, 1 include 
in this discussion a number of lines for which only single plates have been available. 

The actual measured shifts between solar and arc lines are of course affected by the earth^s movenionts 
relative to the sun and in the reductions the component of the diurnal movement has been computed froai 
the usual formula Y=-464 sin t. cos S. cos cj^, t being the hour angle of the sun, 8 its decimation anc c/. 
the latitude -ol; Kodaikanal The velocity at the eartVs equator, ‘464 Km/seo. is derived from Clarke s value 
of the equatorial semi-diameter. The orbital movement is taken out directly from the Nautical Almanac 
values of the radius-vector of the earth, no computation being required for the lunar perturbation since 
this is included in the velocities so obtained. 

In table I, I give the residual shifts of the solar iron lines after eliminating the shifts due to the 
eartlds movements. These are given in the fourth column, 'hhe fifth column gives the pressure shifts at 
nine atmospheres, taken from the tables of Gale and Adams * and supplemented by the measures of 
Humplireys and Duffield reduced to the samo pressure. The unit in each of these columns is O'OOIA. A 

sixth column is added for remarks. In the first two colimms the wave-lengths and intensities are from 

Eowland, and the third column gives the number of plates measured from which the average shifts have 
been determined. 


Table 1. 


A 

Rowland , 

1 

Inten- 

sity. 

Num- 
ber of 
Plates.^ 

lesidual 

shift 

0-arc. 

’ressnre 
shift, 9 
atmos- 
pheres. 

Remarks. 

A 

Rowland. 

Inten- 

sity. 

Num- 
ber of 
Plates. 

Hesidvial 

shift 

Q — are. 

3895803 

7 

1 

-r 11 

9- 11 


4.308-081 

6 

2 

9- 7 

389!VH50 

7 

4 

+ 19 

9- 12 


4315-262 

4 

2 

-b 5 

3903'090 

10 

4 

-t- 17 

9- 2-2 






390B'628 

10 

4 

-i- 11 

9- 11 






3920-4-10 

10 

4 

-t- 15 

+ 10 


4325- P3P 

8 

2 

“b I ,l 

3923-054 

12 

4 

+ 14 

9- 11 


4337-216 

5 

1 

•b ^‘) 

3928-075 

S 

4 

+ 18 

9- 12 


4352-908 

4 

1 

-b 5 

393'J-45u 

8 

4 

+ 14 

4* Iti 


4369-941 

4 

i 

9- 11 

3931-269 

1 

1 

9- 8 



4376-107 

6 

i 

Idl 

3935-9B5 

2 

1 

-t- 13 



4383-720 

15 

2 

*■ 11 

3948-925 

4 

1 

•+ 6 

9- 11 


4404-927 

10 

2 

9- 9 

3956-819 

6 

4 

-H 4 

-1- 14 


4415-293 

8 

2 

4* 

3969-41-3 

10 

4 

■h 14 

-r 22 


4427-482 

5 

1 

. T 3 

3977-891 

6 

3 

9- 6 

9- 17 


4430-785 

3 

1. 

+ 2 

3986-321 

.3 

1 

9- 5 

9- 13 


4442-510 

6 

1 

4- 9 

3998-205 

4 

1 

q- 0 

^ 14 


4443-365 

3 

i 

9- 6 

4ix)5-408 

7 

3 

9- 8 

9- 19 


4447-892 

6 

1 

+ 14' 

4009-864 

3 

1 

- 6 

8 



3 

1 

9- 8 

4014-677 

5 

1 

- 7 

9- 11 


4461-818 

4 

1 

+ 8 

4022-01S 

5 

1 


4 8 


■1466-727 

5 

2 

+ XT 

4045-975 

30 

1 

"b 4 

-1- 22 


4494-738 

6 

2 

9- 12 

4063- 759 

20 

1 

+ 2 

4 22 


4528-798 

8 

2 

9- 11 

4071-908 

16 

1 

9- 5 

9- 21 


4531-327 

5 

1 

9- 4 

4132 236 

10 

2 

H- 20 

4 22 


4548-024 

3 

2 

+ 6 

4144- 03S 

16 

2 

9- 14 

9- ‘20 


4592-840 

4 

2 

9- 8 

4181-9] 9 

5 

2 

-1- 3 

4 22 


4603-126 

6 

2 

9- 8 

4187-204 

6 

2 

-1- 7 

9-111 


4607-831 

4 

1 

9- 2 

4187-943 

5 

2 

-1- 8 

9- 108 


4619-468 

3 

1 

9- 6 

4191-595 

6 

1 

- 1 

+ 110 


4626-227 

5 

1 

— 1 

4199-267 

5 

2 

■+• 10 

9- 32 


4637-685 

5 

1 

9- 1 

4202-198 

8 

2 

9- 17 

9- 15 


4638-193 

4 

1 

"b 1 

4219-516 

7 

2 

9- J5 

9- 26 

Appears to be a 

4647-617 • 

4 

2 

9- 10 






single line in O 

4654-672 

4 

1 

9- 3 






and arc of inten- 

4664-800 

6 

1 

9- 1 






sity 7. 

4667-626 

4 

1 

- 1 

4227-606 

4 

2 

_ 1 

9- 95 


4679-027 

6 

1 

9- 2 

4233-772 

6 

2 

- 6 

9- 90 


4707-467 

5 

1 

4* 5 

4236-112 

8 

2 

-f* 4 

9- 90 


4710-471 

3 

1 

+ 4 

4250-287 

8 

1 

9- 3 

9- 70 


4707-457 

5 

1 

— 0 

4260-640 

10 

1 

9- 7 

9- 51 


4710-471 

3 

1 

± 0 

4271-325 

6 

1 

9- 4 

9-123 


4733-779 

4 

1 

9- 1 

. 4271-934 

15 

1 

•H 9 

4 22 


4736-963 

6 

1 1 

9- 1 

428-2-565 

5 

1 

9- 1 

-t- 21 


4787-003 

2 

1 1 

9- 4 


Pressure 


sliift, 9 


Remarks. 


atmos- 
pheres . 


+ 21 

+ 19 The ijlates _ give 
very inconsistent 
values. 


+ 20 
+ 27 
+ 17 
+ 23 
+ 18 
+ 27 
+ 2i 
+ 18 
-1- 17 
+ 48 
+ 53 
+ IP 
4 51 
+ 23 
16 

+ 18 
4 53 
+ 61 
+ 29 
+ 21 
-I- 24 
4 ^ 20 


+ 15 


-h' 13 

+”l8 
4^ IB 


* Astrophysical Journal XXXV, 17. 
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Table I — continued. 


A 

Eowlancl. 


4789'849 
4859 828 


4871- 512 

4872- 8 S2 
4878-407 

4890- 943 

4891- 684 
4903-503 

4919- 174 

4920- 685 


4938-997 

4957-480 

4957-785 

4966-270 

5002-044 

5005- 896 

5006- 306 

5050- 008 

5051- 825' 
5068-944 
5083-518 
5098-885 
5107-619 
5107*823 
5139-427 


5139-644 
5 16;- -678 
5169-069 
6171-778 


Inten- 

sity. 

oSlnm- 
bei- of 
Plates. 

Residual 

shift 

0 — aro. 

Pressure 
shiftj 9 
atmos- 
pheres. 

Remarks. 

A 

Eowlaud. 

Inten- 

sity. 

171™- 
ber of 
Plates. 

Llesidnal 
shift 
O — arc, 

Pressure 
shift, 9 
atmos- 
pheres. 

3 

1 

-f- 6 

+ 17 


. 

519;!.'«29 

4 

4 

- 1 


4 

O 

-i- kl r* 

+ 100 

) The plates do not 

5192-52 3 

5 

4 

+ 2 • 






> give consistent 

5195-113 

4 

4 


+ 3 7. 

5 

3 

+ '4? 

+ 80 

' values. 

5216-437 

3 

3 



4 

3 

+ 3 

+ 94 


5227-362 

5 

3 

+ ii? 


4 

3 

■f" '4 

+ 87 







6 

3 

+ 8 

+ 70 


5233-1-22 

7 

3 

+ 7 

+ 110 

8 

8 

+ 10 

+ 53 


5266-738 

6 

2 

- 4 

+ 130 

5 

3 

± 0 

... 


5269-723 

8 

2 

+ 9 

+ 27 

6 

2 

i 9 

+ 72 


5281-971 

5 

2 

- 3? 


10 

2 

+ 4? 

"{* 82 

One plate gives + 

5283-802 

6 

2 

- 1? 






and the other a 

5302-4.80 

5 

2 

- 3 






— shift. 

5324-373 

7 

2 

•r 8? 

+ J20 

4 

1 

-- 2 

... 







5 

1 

H- 5 

+ 83 


5328-236 

8 

2 

+ 15 

+ 29 

8 

1 

+ 11 

+ 86 


5328-696 

1. 

2 

+ 8 

+ 26 

4 

1 

- 1 








5 

1 

. - 2 








4 

1 

- 1 








5 

1 

+ 3 



5310-121 

6 

2 

- 6 

+ 140 

6 

3 

+ 6 



5371-734 

7 

2 

+ 13 

+ 29 

4 

3 

+ 10 



5397 314 

7 

4 

+ 12 

+ 29 

6 

2 

3 



5405-989 

6 

3 

+ 9 


4 


+ ■ 7 



5424-290 

6 

1 

+ 30 


3 

1 

•f* 8 








4 

2 

+ 4 








4 

2 

+ 4 



5429-911 

6 

4 

+ 6 

4 29 

1. 

6 

— 3 


One plate gives a 

5434 740 

5 

. 4 

+ 8 

+ 27 





+ and the rest — 

5447-130 

6 

4 

+ 5 

+ 31 





shifts. 

54S6-834 

4 

4 

+ 19 

4 29 

4 

6 

+ 0 



5569'848 

6 ■ 

1 

+ 5 

+ 14 1 

5 

4, 

+ 16 

... 


5573-075 

6 

1 

+ 7 

+ 140 

3 

1 

+ 11 



5586-991 

7 

2 

+ 4 

+ 120 

6 

4 

+ 15 

+ 16 


5615-877 

t) 

2 

+ 9 

+ 130 



Eemarks. 


The plates are in- 
consistent , 


) The plates do not 
3 agree well. 

The plates are in- 
consistent. 


The line is single 
in Q and aro not 
two lines as given 
in Eowland. 


Very hazy line in 
aro (not iiioliicled 
in discussion). 


Table 1[. 


A 

Rowland. 


4181-919 

4187-204 

4202-198 

4227-606 

4233-772 

4236-112 

425U-287 

4271-32S 

4-282-566 

4337-216 

4352-908 

4369-941 

4376-107 

4427-482 

4430-785 

4442-510 

4443*365 

4447-892 

446T818 

4466-727 

4531-327 

4787-003 



Sun— Arc 

1000. 

Remarks. 

A 


Evershod. 

Fabry and 
Buisson. 

Rowlnnd, 


+ 3 
+ 7 

+ 2 
- 3 


4789-849 


-P 17 • 

4" 18 


4859-928 ... 


- 1 

- 6 

- 29 

- 8 


4871-512 


+ 4 

- 19 


4919-174 


+ 3 

- 14 


5171-778 


+ 4 

- 18 


5266-738 ‘ 


+■ 1 

+ 7 


5269-723 


-+- 6 

+ 7 


6281-971 ... 


+ 5 

■+• 1 1 

-f 4 

4- 6 


5283-802 ... 


-t- 14 

-j- 12 


5302-480 

" 

+ 8 

4* 2 

4- 4 
+ 6 


S324j‘373 , 


+ 9 

4- 12 


5340-121 ... 


+ 5 

+ 7 


53U / '34^ * , , 


+ 14 

4- 7 


5405 989 


-f- 8 

+ 9 


5424-290 ... 


+ 17 

+ 14 


5434-740 


■+■ 4 

*}- 6 


5586-991 ... 


4- 4 

+ 6 




Sun — Arc .-A.,. 

1000. 

Remarks , 

vershed. 

Fabry and 
Buisson, 

-4- 6 

-p 8 

rin some 

+ 2? 

- 7 

J plates the 

-j- 4P 

- 16 

I shift i8 4and 
l^in others—. 

db 0 

- 8 

+ 15 

4- 26 


- 4 

± 0 


+ 9 

-p 8 


- 3 

- 8 


- 1? 

4 5 

Measures not 
accordant. 

- 3 

- 6 


+ 8? 

d: 0 

Measures not 
accordant. 

— 6 

- 11 


4- 12 

-p 13 


+ 9 

+■ 15 


-f 30 

+ 30 

Aro line hazy. ' 

+ 8 

4 7 

+ 4 

4 3 
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'iln tablQ IIj I g*iv6 a comparisoii of my results with the measures of MM. Fabry and Buissou,* wliO; 
used the interference method in determining' the displacements sun — -arc. The two series are in fairly gopdl 
agreement for most of the lines, but my measures differ from those of Fabry and Buisson chiefly in the case 
of the lines to which they assign large negative shifts. In six of these lines I get much smaller negative:: 
shifts, and in the remaining six small* positive shifts. I do not think this difference can be due to errors 
of measurement, but is more probably the result of differences in the condition. of the arc itself. MM. Fabry 
and Buisson refer to these lines as those which enlarge unsymmetrically towards the red in passing from 
the arc in vacuum to the arc in air, or on increasing the strength of the current in the are. But in all my 
high dispersion plates taken with the arc at 110 volts and a current strength of about 6 amperes, the arc 
lines are very narrow and sharply hounded on both aides with no trace of any unsymmetrical widening, 
either towards the red or towards the violet j the only exceptions being lines which are reversed, and in 
these the settings were made on the exceedingly narrow reversal, which is sometimes unsymmetrically placed 
on the emission line. 

In most cases the arc lines or their reversals are narrower than the solar lines, and it is difficult to 
believe that they do not represent the true centres of the lines, unaffected by unsymmetrical widening. 
This unsymmetrical widening appears to have caused a shift towards the red of the lines which in 
MM. Fabry and Buisson^s measures give large negative sun — arc shifts, Possibly the sharp definition of 
the lines in my spectra may be due in part to the low atmospheric pressure of Kodaikanal, and in part to 
the fact that I used only the central portion of a comparatively long arc. 

A glance at the fourth and fifth columns in table I is sufficient to show that no general relation exists 
between the solar and pressure shifts. The largest sun — arc shifts occur mostly in the ultra-violet region, 
whilst the pressure shifts increase enormously towards the red end of the spectrum. 

If the shifts of the individual lines in the same spectral region are compared no marked relation can be 
made out, but differences of effective level may mask the relationship, those lines which are produced at 
greater depths in the reversing layer giving larger shifts owing to the greater pressure, and not necessarily 
because they: are lines greatly affected by pressure. 

But in order to justify the assumption that pressure is the cause of the solar shifts, an independent 
criterion of level must be sought, so that it may be determined whether an approximate agreement results 
between pressure shifts and solar shifts after making allowance for differences of level. 

Although an exact correspondence between the relative shifts of individual lines is not to be expected, 
an approximate relation should be shown in the average shifts of groups of lines which are more and less 
affected by pressure ; and low level lines should in general give larger shifts than high level. A general 
agreement in the law of increase of shifts with wave-length should also be found when groups of lines iii 
different spectral regions are averaged. Thus, according to Duffield, the pressure shift is proportional to 
or and the solar shifts if due to pressure should increase similarly if the effects of differences of 
level can be eliminated. 

In his research on radial motion in sunspots Dr. St. John has discovered a criterion of level in the 
intensity of the solar lines. It is clear, from my own observations and those of St. John, that the radial 
movement of the highest levels in the chromosphere is inward towards a spot centre, but the velocity of 
inrush decreases downwards to zero in a neutral zone at about the .upper limits of the reversing layer. 
Below this, inversion occurs, the motion being outwards and necessarily increasing with the depth. In this- 
region therefore the lines giving highest velocities in sunspots are due to absorption at the lowest levels, and. 
St. John has deduced a scale of levels corresponding in a remarkable way with the scale of intensities of tho 
lines, the weak lines indicating low levels, and the strong lines high levels. This result may be applied to 
the suU' — arc shifts. 

Owing to the comparatively small number of lines available it will be sufficient for the purpose of this 
inquiry to divide the lines in table I into three groups representing different spectral regions, each group 
containing the same number of lines with ' known pressure shifts. Grroup I contains a total of 85 lines 
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between the limits X 8895 and \ 4236 • group II inolndes 46 lines between X 4250 and X 4787; and group 
Illj 56 lines between X 4789 and X 6616, 

If we subdivide these groups into high level and low level lines, according to intensity, we get the 
following interesting results : — 


Group I (Mean X 4040) 


r Eighteen high level 
\ Mean intensity, 11 ‘2 
i Seventeen low level 
C. Mean intensity, 4-5 


Group II (Mean X 4500) 


^Seventeen high level 
J Mean intensity, 8'0 
'] Twenty-nine low level 
Mean intensity, 4*0 


fTwenty-three high level 

Group m (M;eanX5170)...i Mean intensity 6-8 
' J Thirty-two low level 

Mean intensity, 4-2 


lines, 

lines, 

lines, 

lines, 

lines, 

lines. 


} 

} 

} 

} 

} 

} 


Mean shift, 
Bun — aro. 

A 

+ *0126 
-f- -0029 

+ -0086 
+ ’0043 

+ -0066' 
+ -0039 


There is here shown to be a very marked relation between the shifts and the intensities of the solar 
lines, the strong or high level lines giving in each group a much larger shift than the weak or low level 
lines, and the greater the difference of intensity (or level) the greater the difference of shift. 

This is, of course, contrary to what would be expected if the solar shifts are due to pressure, for the 
low level lines represent higher pressures and therefore should show a larger shift than the high level 
lines. 


If next we consider only the lines with known pressure shifts in the same three groups and separate 
them into those more and less affected by pressure, we get the following mean shifts sun — arc : 


Group I 
Group H 
Group III 


More affected. 
+ •0077A 
-t- ■0073A 
-h •0045A 


Less affeoted. 

+ •0082A 
+ *0076 A 
+ ■0096A 


In all the groups the less affeoted lines are slightly more shifted than the more affected. The. 
grouping of the lines into those more or less affected by pressure is to some extent; arbitrary, but owing to 
the very large differences of shift for different lines with no intermediate values, little or no ambiguity is 
involved. In the more affeoted lines I include those of Duffield^s groups II and III, and in the less affeoted 
Hues those of his group I.* Many more lines outside the rang© for his measures are however included, the 
pressure shii^a being taken from the tables of Gale and Adams and of Humphreys. 

The average pressure shift for the more and less affeoted lines in the three groups is as follows : 



Mean k. 

More affeoted. 

Iieas affeoted. 

Group I 

4050 ... 

... 'OOTOA pet atmosphere. 

■0017A per atmosphere. 

Group II 

4440 ... 

... •0067A , „ 

•0022A 

Group III 

5170 ... 

... •0102A 

■0026A 


■ff ™ inateai of abo™ three-fourth, 

towarf, h / lines would have beeu proportionately displaced 

ahove^ shite would have been reduced by about i of the values giver 

belted th '“Ti I by amounts three to four times greater than the lesi 

aur-ooi ilr grip I'l? two pressures of approximately -OOIS A for groups I and U, 


^ Phil. Tran*. A 208, 160. 
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A oorroctioii should therefore be applied to the sun— arc shifts to reduce them to normal pressure, and 
the rrean shifts already given would be modified as follows 


More afleoted. Le?B affected. 


Group 

I ... 

... + 

•0077 ■ 
•0019 ^ 

j- = 4- 

H- ‘0082 
- -000 1 ^ 

[ = + -0078 

Group 

II ... 

... + 

•0073 1 
•0017 J 

[■ = + •OOoG 

+ -0076 1 
- *0005 J 

[ =•+ *0071 

Group 

Ill ... 

... + 

•0045 ) 
•0025 j 

^ = + -0020 

+ •0096 1 
- 0007 J 

[ = -b -0089 


This ooTTeoted resiilt shows that in all the three groups the lines less affected by pressure give quite 
appreciably larger displacements to the red than do the lines more affected by pressure ; in other words, 
the most affected lines are relatively slightly displaced towards the violet in the snu, a result which 
confirms the conclusion I had previously arrived at in Bulletin No. XVIIl, namely, that the pressure in the 
revorsing layor is loss than tliat in th© arc at normal pressure. 

MM. Fabry and Buisson however, in discussing the results of their measures, consider that the lines 
more affected by pressure, such as those of Dufh eld’s group HI, are unsuitable for estimating pressure in 
the sun, because they are the lines which widen unsymmetrically towards the red. In measuring the 
emission lines of the arc under pressure, a spurious displacement would be obtained, due to the luisymme- 
trioal widening, and not to pressure. No indication is therefore given of the shifts of the absorption lines 
or reversals which alone would be applicable to the sun. 

Ibis appears to be partly true, for Duffield finds that when under pressure the emission line is uusym- 
metrically reversed, the absorption line is less shifted towards the red than the centre of the emission line, 
so that lines of his group III would then show only half the shift, and fall into group II. It is not at all 
clear, however, why the unsyminetrioal widening which seems to cause excessive shifts to some of the 
emission lines in the arc under pressure should not also affect in a similar manner the solar absorption 
lines ; for these do not represent a superficial layer of relatively low density, as do the reversals of the arc 


lines, but probably the entire mass of limiinous gas above the photosphere. To make the arc under pres- 
sure stiiotly comparable with the sun, it would need to be observed with a background of oontiiiuous 
spectrum due to matter at a higher temperature than the luminous gas, and under these conditions the 
absorption lines would be the exact counterpart of the emission, and would show the combined shifts due 
to pressure and unsyrnmetrical widening. 

However this may be, a comparison of the mean values of the shifts of .Duffield’s groups I and III, 
when reversals only are measured, shows a large difference of shift between the two groups. Grrautiiig 
therefore that the determinations of pressure shift of these more affected lines are to subject to considerable 
unoertRinty, there can be no doubt as to their being much more shifted even as absorption lines than the less 
affected lines ; and we may compare them in the sun with the less alfected lines in order to discover whether 
the pressure in the reversing layer exceeds or falls short of one atmosphere. 

MM. Fabry and Buisson proceed to estimate the pressure in the sun from the absolute shifts of the lines 
least affected by pressure. They get accordant values (5*5 atmospheres total pressure) from two sets of 
lines, namely, twenty lines between X\ 4000 and 4500 and ton lines between XX. 5100 and 5500. For the 
former the average shift sun — arc is + -0002, A and the latter + ‘OlOoA. 

Apart from the fact that the more affected lines are here ignored, for as I believe, a quite insufficient 


reason, no account is taken of differences of level in the effective regions of absorption of the different lines. 

MM. Fabry and Buisson in measuring lines of only moderate intensity in the sun missed what appears 
to me to be a most significant fact, namely, the relation between shift and inteusity. This wms however 
recognized by Jewell,* who remarks that " the stronger reversed lines are those whose displacement is 
greatest (with reference to the solar lines), and there is gradual decrease in the amount of displacement 
as the lines are weaker and more difficult to reverse.” 

As regards the actual pressure indicated by the relative shifts of the more and less affected lines, 
the results of the three groups are not very consistent, except in so far as they indicate a pressure lower 
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tlaan one atmosphere. The shifts of groups I and II would indicate a pressure only slightly less than that 
of the atmosphere at Kodaikanal, whilst group III would show an almost zero pressure. 

If we suppose the solar gases to be under a pressure of five or six atmospheres, as MM. Fabry and 
Buisson^a results appear to indicate, there can scarcely be a doubt that the lines most affected by pressure 
would in the sun show larger shifts than those less affected, even allowing that the pressure shifts of the 
more affected lines have been over-estimated. 


The mean pressure shifts of the particular lines I have compared with the sun increase very greatly 
towards the longer wave-lengths, as is seen in the table of pressure shifts per atmosphere. For the more 
affected lines the shift is much larger for group III at mean X 5200 than for group I at mean X 4050. 
But for these same lines the sun— arc shifts actually diminish from -f'OObSA in group I to + •0020A in 
group III. Pressure therefore cannot be concerned with the shift to the red of these lines, and the smaUer 
shifts of the less refrangible lines is only another instance of the relative displacement towards the violet 
of the lines most affected by pressure. 

My conclusion therefore is that while pressure is not the cause of the shift of the solar lines to the red, 
there is in fact a small pressure effect traceable in the relative positions of the solar and arc lines, which; is 
a minus effect, that is, indicating a decidedly smaller pressure in the sun than in the arc in air. 


Assuming the pressure effect to be very small when comparing the arc at 580 mm. with the sun, 
wo have now to account for the absolute shifts of the solar lines, most of which show a comparatively large 
displacement towards the red. I have already shown that these shifts are closely related to the intensities, 
the strong lines showing larger shifts than the weak. J f we consider the shift to be due to motion in the 
line of sight, and also accept St. John's conclusions from movements in spots that the stronger lines repre- 
sent in general higher levels and the weaker lines lower levels, we arrive at the interesting result that in the 
higher levels there is a movement of descent which is retarded in the lower levels. 


For a comparison of tho velocities deduced we are not limited to lines with known pressure shifts- 
Taking therefore all the Imes j have measured, and separating them into strong and weak lines as 
before the' following velocities are obtained : — 


Strong Jjines. Weah Lines. 

(Intensity 6 and over.) (Intensity 8 to 5.) 

, - — - ■ ^ 


Group. 

Mean \ 

f 

Mean shift. 

^ 

Km/seo. 

Mean shift. 

' "I 

Km/seo. 

I 

4040 

M. -0126 A 

•98 

•OO20A 

•22 

II 

4600 

•0086A 

•67 

•OOiSA 

•29 

III 

6170 

• -ooeoA 

•88 

•0039A 

•23 


The movement is one of recession from the earth or descent on the sun in all oases, and the 
velocity for the weaker lines is here dearly shown. The reduction of velocity for the strong lines 
in passing from group I to group III is readily explained, since tho mean intensities decrease from 1 1-2 

for group I to &‘0 for group II, and 6-8 for group III. For the weak lines the mean intensities are 4'5, 4'0 
and 4‘2, respectively. ■* 

The retardation of velocity in the lower region of the reversing layer satisfactorily explains the other- 
wise anomalous result that the shift, considered as a motion shift, does not increase towards the longer 
wave-lengths proportionately to X baton the other hand tends to diminish. Considered as a pressure shift 
this fact IS qniie inexplicable, for not only should the shift increase in proportion to or but it 

should, as' already stated, be greater for the low-level lines than for the high level. 

St. John has found that in general the lines at the red end of the spectrum represent lower levels than 
those at the violet end. This again tells against the pressure theory for it implies that the shifts if due to 
proBBure should increase towards the red at an even greater rate than the pressure shifts. 

Considering the pressure in the reversing layer to be less than one atmosphere, and the only possible 
explanationof the shifts of the solar lines to be motion in the line of sight, we leave unexplained tbe 
remarkable fact discovered by Halm of the relative shift to the red of the lines at the sun's limb compared 
’mth the centre of the disk. I propose to deal with this in a subsequent paper and will not say. more here than 
that the usual interpretation of this shift based on differences of pressure of several atmospheres in the 
reversing layer appears from my results to be almost certainly erroneous. 
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The movement of descent of the iron vapour as observed at the centre of the disk seoLus to confirm the 
Hypothesis I advanced in discussing the eclipse spectra photographed in 1900 namely that the cooler absorb- 
ing gases of .he reversmg layer are descending on the sun * In this paper however I assumed a continuous 
c%rciL ation of the solar gases to account for the differences of intensity between the flash spectrum lines as 
o seived at eclipses and the Fraunhofer lines; the hotter gases giving the enhanced lines rising, and the 
coo er gases falling.^ It seems probable that the descending motion of the iron vapour may turn out to be 
part of this circulating movement, but evidence of the ascending motion is still to be sought. It would be 
o much interest to compare the strongly enhanced spark lines of iron with the solar lines such as those at 
XA,4.24, 50i8, 5169, and 6317 which might be expected to show an ascending movement, or a shift 
towards violet compared with the iron spark spectrum. 

I have pleasure in acknowledging the assistance rendered me during this research by Dr. lloyds, 
Assistant Director at this Observatory, whose management of the electrical appliances has been invaluable. 


♦ Phil. Trans. A. 201,477. 


®Kodaikanal, 

\{}tli December 1913. 


J. E VEESHBD, 

Director, Kodaihanal and Madras Observatories. 




COEE:iii(JTION TO BULLETIN No. XXXVIL 


Ih© following paragraphs ahonld b© substituted for those a.t tho bottom ot page 56 undsr th© heading 
^‘displacements of hydrogen lines — 

.Displacements of hydrogen lines. 

Attention has again been devoted to the displacements of the 0 line in prominences. Altogether 73 
prominences showing displacements were observed; 34, or nearly half of them, were observed in high 
latitudes irom bO to the poles, 23 in latitudes from 30° to 60° and 16 between the ecpiator and latitude 30^^. 

The largest displacement recorded was observed on September 27th at latitude + 69° and was 
estimated to be 5A to the red. In the majority of cases the displacement was but slight. 

The displacement was towards the violet in 38 cases, to the red in 31, and both ways aimultaneously in 
4. Forty were on the east limb and thirty -three on the west; forty -one wore north of the equator and 
32 south. 





BULLETIN No. XXXVII. 


SUMMARY OF PROMINENCE OBSERVATIONS FOR THE SECOND 

HALF OF THE YEAR 1913. 

The distribution in latitude of tbe prominences observed during tlie six months ending December Sp 1913^ 
is represented in the accompanying diagram. The full line gives the mean daily areas, and the broken 
lines the mean daily numbers for each zone of 5° of latitude. The ordinates represent tenths of square 
minutes of arc for the full line and numbers for the broken line. The means are corrected for partial 
or imperfect observations, the total of 14-7 days being reduced to 126^ effective days. 

Mean Areas ane Mean Numbers op Prominences. 



Total ... 1'92 14-76 

There is a reduction of area and of numbers in both hemispheres compared with the previous six 
mon ..hs. The daily area has however increased in the region — 40° to — 50°, this being practically tbe only 
region of activity in the southern hemisphere. North of the equator the daily area in the belt -f 40° to + 60° 
is on the other hand considerably reduced. Although the amounts of reduction of area and of numbers are 
sensibly equal, it is noteworthy that the southern hemisphere has been the more active hemisphere 
according to areas, but the less active according to numbers. This indicates that the average area of each 
prominence was greater in the southern hemisphere than in the northern. 


90 


55 


56 


The montlily, quarterly, and hali-yearly frequencies, and the mean height and extent are given 
in the following table. The daily frequencies given are corrected for partial observations. 


Abstract for the second half of 1913. 


Months. 

C . ■■ 

Number of days of observation. 

Number of 
prominences. . 

Mean daily 
frequency. 

Mean height. 

Mean extent. 

Total. 

1 

EfEeotive. 






// 

o 

July 

28 

17t 

818 

17'9 

28-8 

1-01 

August ... ... ... 

■ 27 

22^ 

366 

' " 16-8 

.26-6 . 

0-96 

September ... •.< 

29 

26^ 

361 

■ 14-2 

26-4 

1-24 

October ... 

24 

■ 2H 

246 

11-4 

28*8 

1-83 

November 

20 

17i 

800 

171 

27-4 

1*02 

Deoember 

24 

22 

287 

ISO 

28-9 

1-82 

Third quarter 

79 

66i 

1,040 

169 

27-0 

1-07 

Fourth quarter... 

68 

61 

838 

137 

28-8 

1-21 

Second halE-year 

147 

126* 

1,878 

14-8 

27-6 

1-13 


The reduction in the mean frequency compared with the previous six months has already been 
commented on above ; there is a reduction in mean height, whilst the mean extent has remained 
practically the same. 

The total number of prominences which attained heights of 60" or over during the 147 days is 
111 or an average of 1*3 per diem, as against 2-0 per diem during the previous six months. A prominence 
observed on November 14th at — 42° west reaching a height of 240", and one on December 20th at — 82° west 
reaching ISO", were the highest prominences during the half-year. 


Distribution east and west of the sun^s axis. 


The eastern limb again shows a preponderance over 
case of numbers. The data are as follows 
1913 — July to December — 

Nui ri b era d bser V ed 

Total areas in square minutes of arc ... 


the western, but the preponderance is slight in the 

/ 

East. Weab. Percentage east.' 

944 929 . 50-40 ■ - 

... 127-1 116-5 52-18 


Metallic 'prominences. 

No prominences showing metallic lines were observed during the six months under consideration. 

' Displacements of the hydrogen lines. 

Attention has again been devoted to the displacements of the 0 line in prominences. Altogether 
89 prominences showing displacements were ohterved j 17, or nearly half of them, were > observed in 
high latitudes from 60° to the poles, 14 in latitudes from 30° to 60° and 8 between the equator and. 

latitude 30°. . . 

The largest displacement recorded was observed oh September 27th at latitude -+-69° and was 

estimated to be 5 A to the red. In the majority of cases the displacement. was but slight. 

The displacement was towards the violet in 20 oases, to the red in 15, and both ways simultaneously 
in 4. Eighteen were on the east limb and twenty on the west ,- twenty-four were north of* the equator and 
fifteen south. 
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Reversals of the hydrogen lines on the disc. 

Reversals of the C line were recorded on four occasions in the neighbourhood of sunspots. 


Prominences projected on the disc as absorption markings. 

The sun’s disc was photographed in Ha light on 71 days and on 30 of these days absorption markings 
are shown. Photographs were not taken after November 19th, as the grating was required for the 
spectrograph. The distribution of the markings in latitude are given in the accompanying diagram 
in which the mean daily areas, corrected for foreshortening, are given for each zone of 5° of latitude. The 
areas are expressed in millionths of the sun’s visible hemisphere. 

Mean areas oe Ha absorption markings. > 

July 1 to December 31, 1913. 

Total mean area for north hemisphere = 23*8 millionths. 

Do. do. south do. = 36*3 do. 



In the northern hemisphere, the distribution generally speaking follows that of prominences shown 
in Pig. Ij but the zone of greatest prominence activity between 3-5° and 55'’ in the southern hemisphere is 
not reproduced in the Ha absorption markings. South of the equator the area of the marking’s for 
each belt of 5° increases gradually up to the belt 60°— 65° falling off to zero for latitudes higher 
than 70°. 


The mean daily areas and daily 
six months : — 

North ... 

South ... 

Total 


the table below and compared with the previous 


1918 — July to November. 1918 — Jannary to June. 


Areas. 

Numbers. 

Areas. 

Numbers. 

24 

0-28 

44 

0*24 

36 

()*30 

84 

0-56 

60 

0-58 

128 

0-80 


numbers are given in 


There is again a hu'ge reduction both in areas and numbers to record. The mean areas are reduced by 
53' 1 per cent, and numbers by 27*5 per cent. 


The Observatory, Kodaikanal, 
2Sth February 1914. 


T. ROYD8, 

Offg. Director, Kodaikanal and Madras Observatories. 
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A preliminary isote on the displacement to the violet 
OP SOME lines in THE SOLAR SPECTRUM, 

By T. RoydSj D.Sc. 

The majority of the inetallic lines in the soLr spectrum are shifted to the red when compared with their 
positions in the electric arc. There are, however, many exceptions. In the tables at the end of this paper 
I Mve the results of some comparisons of arc spectra (chiefly iron) with the spectrum of the centre of the 
suids disc for the study of these exceptions. 

I. IRON LINES. 

1. Son and Arc Comparisons. 

The iron spectrum was produced by the arc between iron terminals in air at 580 mm. pressure (the 
normal pressure at the altitude of the Observatory) with a direct current from a battery at 110 volts. The 
current strength was usually between 6 and 8 amperes, and the length of the arc was varied in diflerent 
experiments. The polarity of the terminals was reversed at the middle of the exposure in order to equalise 
the intensity of the arc lines above and below the solar spectrum. The same arrangement as was previously 
used ^ for simultaneous exposure on the sun and arc was employed but the duration of exposure on the arc 
was varied in different regions in order to produce lines easily measurable. The spectrograph has been 
previously described 

It was at once noticed that nearly all lines which are unsharp in the arc at ordinary pressures gave- 
negative values for the sun — arc displacement, i.e., were relatively shifted towards the violet in the sun {e.g,,. 
X. 3948*246, Table YllI), but that several lines apparently sharp {e.g.,X 4233'772, Table VIII) were also 
shifted to the violet. Ou considering, however, the behaviour of these lines under pressure, it was found 
that the lines shifted to the violet, including those apparently sharp, were those which widen unsymmetrically 
towards the red with increased pressure, and which therefore are really unsyminetrical at atmospheric 
pressure, but not obviously so. The number of Hues shifted to the violet was apparently greater on photo- 
graphs taken using an extremely short arc (about 2 mms. in length), as was done in some regions between 
X 4924 and X 5317 in order to obtain the enhanced lines as strong as possible. These plates were therefore 
considered hrst, and the lines sorted out according to the Mount Wilson classification of the iron lines 'h 
The Mount Wilson workers have divided the iron lines into groups a, b, c, sul-d, d, ov e according to 
their pressure shifts, aud also into classes 1, 2, 3, 4, 5, or 6; lines of classes 1, 2, 3, and 4 remain 
symmetrical under pressure, class 5 widen unsymmetrically towards the red and class 6 unsymmetrically 
towards the violet. When the sun — short arc displacements (Table VIII) are grouped according 
to the character of the arc lines, as in Table I below, it is seen that whilst symmetrical lines (groups 
a aud h) have normal displacements to the red in the sun, unsyminetrical lines (groups c5, d, sub~d, 
and e) behave abnormally; lines widened iinsymmetidcally in the arc towards the red are displaced to the 
violet of the arc line, and the line 5133, much widened towards the violet, is greatly displaced to the red 
The lines in group c which have not been classified are, judged from their negative displacements, probably 
widened unsymmetrically towards the red, 

^ Evershed and Koyda, Boy. Asfcr. Soo., M. N, ,73, 554, 1913. ^ EversEed, Kodaikanal Observatory Bulletin No. XXXVI 

r Gale and Adams, Astro physical Journal, 35, 10, 1912, 

’* t St. John and Miss Ware, Astrophysical Journal, 36, 14, 1912 and 39, 5, 1913. ^ 

^ The line 5424 measured by Evershed and by Fabry aud Buisson to have a displacement in the sun of + 030 A is also -vriOened 
to ttie violet. i • 
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Table I. — Sun — Short Arc Displacements. 


A. — Symmetrical Lines. 

San — Shoft Arc 


\ 

Group. 

in X/IOOO. 

4376T07 

a 3 

+ 6 

4427-482 

... ... ... a 3 

+ 0 

4994-316 

... ••• ... a 

+ 5 

■5028-308 

a 

+ 3 

5151-020 

... ... ... a 

+ 7 

5195-113 

ii 

- 1 

5216-437 

a 

+ 1 

5242-658 

a 

+ 5 

4337-216 

h 3 

+ 9 

4352-908 

h 3 

-t- 3 

4383-720 

6 1 

+ 9 

4404-927 

h 1 

+ 5 


Mean displacement ... 

+ -0043 1 

B. — Lines imsymmetrically widened towards the I'ed, 

Sun— Short Arc 

A 

Group. 

in 1/1000. 

4210-494 

c 5 

0 

4890-948 

... ... ... c 5 

- 2 

4919-174 

0 5 

- 12 

4957-480 

... c 5 

- 6 

4966-270 

... c 5 

- 8 

4233-772 

... ... ••• do 

- 13 

4982-682 

d 5 

- 18 

5192-523 

... mh-d 

- 11 

5208*776 

... ... 8uh-d 

- 3 

5216-353 

... ... ... suh‘d 

- 14 

5263-486 

... ... ... mb-d 

- 4 

5273-339 

... ... ... 8ub-d 

- 12 

5281-971 

... ... ... suh-d 

- 9 

5302-480 

... ... ... 8ub-d 

- 8 


Mean displacement . . . 

— •0086 1 

G. — Lines unsymmetrically widened towards the violet. 

Sun — Short Ai-o 

A 

Group. 

in 1/1000. 

4191-843 * 

... ... 6 

0 

5133 870 

••• ... ... g 

+ 35 

L. 

^Lines of group c unclassified 

Sun — Short Aro 

A 

Groufi, 

inl/lOOO- 

4938-997 

... c 

- 10 

66-270 

0 

- 11 

85-432 

c 

- 8 

85-730 

... ... .... c 

- 6 

5005-896 

... ... c 

- 8 

06-306 

... ... ... c 

- 7 

15-123 

1 .. ..a C 

- 3 

22-414 

... ... ... c 

- 6 

6139-427 

c 

- 11 

39-644 

• . ■ • ^ • ■ ■ ■ c 

- 11 

91-629 

••• ••• ... c 

- 14 

5-217-552 

... ..i c 

- 8 


Mean displacement ... 

— -0086 1 


The 4191'8 line is not nearly so nnsymmetrical as the 6138 line. 
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The relative shifts of these difterent groups are very striking. They cannot be easily explained as 
shifts due to a difference of pressure between the sun and arc for on tliis assumption the deduced solar 
pressure has the impossible value of about one atmosphere hdoio vacimm] moreover we shall see later that a 
relative displacement of these groups can be produced by different conditions of the arc at the same 
pressure. In fact, the abnormal shifts seem to depend solely on the unsymmetrical character of the lines. 
Nevertheless they are not wholly due to errors of setting on an unsymmetrical line. It is true that in the 
case of a. line widened unsy in metrically towards the red, for example, the tendency would be to set too far 
on the red side of the true maximum and the solar line would appear to be displaced too mucli towards the 
violet, but there are many lines displaced to the violet in which tlie error of setting must be extremely 
small, for they are very narrow. There are also many lines particularly of other elements than iron, e.g., 
the sodium pair 6161, 6151 and the calcium triplet A.A. 6162, 6122, 6102, all on the same plate, where a 
glance at the photographs shows that the shift is real. It is possible also that the lines unsymmetrical in 
the arc are unsynmietrical in the sun as well, but there is at present no evidence of such being the case. 
The error introduced through setting on the centre of a sola.r line really unsymmetrical would, however, 
have the effect of making the true shifts still more abnormal, and therefore need not now be considered. 
The above residts were obtained in comparing the sun with a short arc. Most of ray photographs 
using a long arc wxu*e taken in the ultraviolet and blue regions and there are not many lines belonging to the 
unsymmetrical classes, but the following are measurable in both sun and arc ; — 

Tablk II. —Sun — Long Arc Displacements. 


Lines li 

'Aisymmetrically widened towards the 

Bed. 

5un — Long arc 

A 

Group. 

iu AI1020 

4227-606 

d 5 

— 5 

33-772 . 

d 5 

6 

36-112 . 

d5 

+ 3 

50-287 . 

<• 5 

+ 7 


Mr. Evershedb using a long arc, has many lines of groups d 5, suh-d aud c in his list; 12 are shifted to 
the violet in the sun and 21 to the red. It is clear that with the long arc displacements to the violet are 
less frequent than when the sun and short arc are compared. None of the lines known to be symmetrical 
are shifted to the violet of the long arc according to the measures either of Fabry and Buisson-, Bvershed^ 
or myself. 

There are in addition to the lines already discussed many iron lines which have not been classified accord- 
ing to their character and pressure displacement. Many such lines are unsharp in the arc at atmospheric 
pressure and when the sun is compared with the short arc none of these lines are displaced to the red. 
With the long arc, however, 10 are displaced to the violet and 10 to the red, 4 being undisplaced. It is 
not possible to say from the photographs at atmospheric pressure alone whether these unsharp lines are 
unsymmetrical or not. 

2. Comparison' of the Long Arc and Short Arc, 

The fact of negative values for tlie sun — arc displacement being more frequent with the short arc than 
with the long suggested the possibility of certain classes of lines being displaced in the short arc, I made 
some comparisons of the sun and an arc 2 mms. long, aud of the sun and an arc 7 mms. long, keeping the 
current ns nearly ns possible the same, thus obtaining indirectly the displacement between the short and long 
arcs. Also, three photographs were taken directly confronting the central portions of the long and short 
arcs on the same plate. The results are given in Table VEIl at the end. It is hoped to make a more com- 
plete investigation shortly, but there is a clear indication of the different behaviour of unsymmetrical lines. 
Those lines unsymraetrically widened towards the red are shifted in the short arc to the red, those widened 
towards the violet are shifted to the violet, whilst symmetrical lines have smaller displacements as a rule, if 
they are really displaced at all.-'^ The, average displacements, short arc — long arc, for the different groups 
are given in the following table ; — 

1 Evershed, ICodaikaTial Observatory Bnllotin, No. XXXVI. ^ Fabry and Buiaeou, Aatropliysical Journal, 31, 109, 1910. 

[Note added May 5th. — Photographs recently obtained of other unsymmetrioal lines not only confirm these conclusions hnt also, 
by having the lines equally wide in both the long and short arcs, show that the shifts are not due to errors of setting on the maxima 
of unsymmetrical lines]. . 
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Table TII . — Short Arc — Long Arc Displacements. 



1 

Syrnraetrioal Linos. 

_ 1 

Linos iinsyni metrical 
the red. 

towards 

Lines unsymivietrical 
towards the violet. 

Group 

1 

ft 

1 

h 

c 4 

c 5 and c 

ftiib-d j 

d 

e 

O 

Average Displaoement in A 

+ •0007 

- 0001 

+ •004. 

+ -0076 

+ ■0067 

+ •0135 

- -0085 

Number of Lines 

10 

7 

1 

1 

.5 


2 

2 

Means 


+ -0006 A 



+ 0085 A 


- -008,5 A 


Tlie following are sonic of largest displacements measured as yet : 


Table IV. — Large A^alues foe Short Arc — Long Arc Displacement. 


A 

4157- 948 

4158- 959 
4233-772 
5133-870 
51G2-449 


Short arc — Lon,i>' arc 
in A/IOOO. 

+ 11 
+ 6 
+ 7 
-- 15 
4 20 


Now St. John and Miss Ware found dilferent wavelengths for the lines in one arc photograph com- 
pared with four others taken under apparently the same conditions. Moreover the displacement between this 
photograph and the rest varied according to the class of, line. They give the following m can. s for three 
groups of lines : — 

Group ... ... ... ... b d ,• 

Average displacement ... ... — -0006 A ■f--012A — -007 A. 

Number of lines ... ... ... 5 4 5 

These displaoements are exactly .similar to the displacements I have found in the short arc, and sinm^ 
the arc spectrum appeared stronger in the displaced pdiotograph than in the rest it seems Hkolv tliat tlio 
arc was in this case shortei-j or possibly had a greater current density. St. John and Miss Ware state that 
pressure variations within the arc are not of sufficient magnitude to account for the shifts measured, d’he-v 
also state that the displacement occurs in the region of the arc near the negative pole, where the lines are 
strongest and most widened. In my photographs any dissimilarity between the two poles is lost owinf to 
the practice of reversing the pola/rity in the middle of the exposure, and I have therefore not been able to 
test this latter conclusion." 


It is noteworthy that of the seven lines for -which Mr. Evershed did not get consistent values for the 
sun — arc displaceinenr. when more than one photograph was available, all except two are iinsyrametrica,! 
lines. The different values are therefore probably due to different lengths of the arc. Also the discre- 
pancies between Evershed’s values and those of Fabry and Buisson ^ can now be explained. Their valueH 
agree extremely well for all symmetrical lines, whilst for all the lines widened un symmetrically towards tlie 
red in the arc Fabry and Buisson find the solar lines to be much more shifted to the violet relative to 
their arc. This is shown clearly by the following averages for the symmetrical and the nnsvmmetrical lines 
in Evershed’s Table II : — 


Lines Sj/mmetrical in tie uve 
(Groups a, h, 64). 

8ii>n — Arc disjjlaoement, 
Evershed. Eahry and Buissoii. 

+ '0082 A 4- -0088 A 


Lines unsymnietrioHlly widened towards tlie 
red in tie arc 
(Groups c5, mb-d, d). 

Sun — Arc Msplacem.ent, 
Evershed. Fabry and Buisson. 

— -0001 A — -0089 A 


^ Eversted, Koclaikanal Observatory Bulletin, No. XXXVI. 

[Note added May 5ti : — I have now been able to confirru this statement of St. John and Miss Ware], 
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According to my results, MM. Fabry and Bnisson’s larger shift to the violet of the unsyrametrioal can 
be explained if they have had a, shorter arc than Mr. Evershed, or, it may be, had a g’l'eater density of 
material in the arc. 

3. A NEW CAUSE OF THE DISPLACEMENT OF LINES. 

There is now therefore a, considerable amount of evidence of the displacements of certain classes of iron 
lines due to some other cause than pressure or motion in the line of sight. The most obvious cause which 
suggests itself is change of density since this is the principal change which occurs in varying the length of 
the arc. The density hypothesis is strongly supported by a jjheu omen on observed by DnflSeld^ the signi- 
ficance of which has not been sufficiently appreciated, namely, that in all the reversed lines which were 
un symmetrically widened towards the red under pressure, the emission line was displaced to the red of the 
absorption line. The emission line is due to the inner portions of the arc where the density is high and 
the Hue hroad, and the absorption line is due to the outer portions where the density is low and the line 
narrow. This is in agreement with the displacement between the short are and the long, for the lines 
nnsyinmetvically widened towards the red are shifted to the red by sborteuing the arc, which corresponds 
to increasing the density. King^ has tried the effect on wavelength of varying the density of the iron 
vapour in the furnace with negative results, Imt unfortunately all the lines tested belong, to group a, which 
I also find to have very small displacements. 

Since the unsyrnmetrical lines are displaced in the short arc in the opposite direction to their diaplace- 
meut in the sun when both are compared with the long arc, it follows that the condition of the vapour, 
whether it is density or not, in the long arc more nearly approaches that in the reversing layer than the 
condition in the short arc. But still the long arc falls short of the conditions in the reversing layer of the 
sun, since many unsyrnmetrical lines are still abnormally displaced. For this reason and especially because 
it is desirable to have the density of the vapour under control, it is intended to try the furnace spectrum for 
comparison with the sun. 

The existence of a density effect on wavelength may modify some of the conclusions which have been 
drawn from the displacement between solar and terrestrial sources. For instance, if the pressure in the 
reversing layer is deduced by comparing the displacements of the lines most shifted to the red by pressure 
with tliose least shifted, we must now hear in mind that the former consist chiefly of lines which are displaced 
by deiisifcy whilst the latter a.re not. The relative displacement of the former to the violet would lead to the 
conclusion that the pressure in the sun is less than atmospheric, but it now appears that it is due, to some 
extent at least, to the different conditions in the sun and arc, probably difference of density. For the 
present, therefore, we are compelled to confine our attention to the symmetrical lines since, so far as we 
know, they are affected least, if at all, by the peculiar conditions in the arc. , Firstly we can compare 
the shifts of the lines of groups a, 6 , c2 and c4, all symmetrical, in the same spectral region, and secondly,, 
since there happen to be lines of group a, both in the ultraviolet and in the yellow-green regions, we can 
compare the shifts in these two regions knowing the law according to which the pressure shift variea 
with wavelength. Making use also of Evershod^s values I obtaiu the following average sun — long arc 
displacements for each group of iron lines. 


Table V. 



Mean wavelength, \ 4.400. 

— 

Mean wavelength, A 3800. 

Mean wavelength, 
A 5260. 


Group a. 

Group 6, 

Groups c2 and cl. 

Groai^ a. 

Group b. 

Group a. 

Pressure shift at 9 
atmospheres. 

+ '0158 A. 


+ -023 A. 

+ -0547 A. 

+ -0106 1. 

+ -0164 A, 

+ -029 A. 

Mean snn —long arc 
displacement. 

+ -0072 1 . 


+ -00901, 

+ -OOfeOA. 

+ -0076 1 . 

+ -0076 A. 

+ -0088 A. 

Mean intensity 

4 


7 

6-5 

13 

iS 

5 

Number of lines 

4 


15 

6 

■ 14 


19 


^ Duffield. PJxil. Trans, Hoy. Soo. A., 208, 111, 1908. 2 King. Astrophy sicai Journal, 85, 183, 191 . 
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7. The unsymmetrical iron lines are therefore, owing to their behaviour in tho arc, unsuitable for 
estimating the pressure in the reversing layer. Using symmetrical lines only, the deduced pressure in the 
Sun is about equal to that of the air at the altitude of the Observatory, i.e., about three-quarters of an 
atmosphere. 

8. The displacements of the symmetrical iron lines to the red in the sun are due to descending motion 
on the sun as discovered by IDvershed. 

9. Lines of other elements than iron also have sun — arc displacements which cannot be explained as 
due to pressure or to motion in the Hue of sight,. 

I have much pleasure in acknowledging my indebtedness to Messrs. G-. Nagaraja Ayyar and A. A. 
hJarayana Ayyar, b.a., for tbe careful and painstaking manner in which they have measured the photographs 
for this Bulletin. 

Ex'planation of Table VIII. 

Table VIII contains all the iion lines oii the displacements of which the conclusions arrived at in this 
Bulletin are based. The photographs were taken with the same spectrographic arrangements as those 
used by Mr. Everslied, bub the values here given are, apart from this fact, independent of those in Bulletin 
XXXVI. 

The wavelengths and intensities in columns 1 and 2 are taken from Eowlaiid's tables ; a letter n in 
the second column denotes that the line appears unsharp in the arc at atmospheric pressure. The third 
column gives the Mount Wilson classification of the ii’on lines. The remaining columns contain the 
measured displacements, sun long arc, siin short arc and short arc' — long arc, respectively, and the 
number of fjliotographs measured. 

Table VIII. 
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Table Till— cont. 


Intensity. 


Group. 


925*790 

5 


28-075 

8 

al 

30*450 

8 

al 

32-786 

In 


37-479 

3 


48-246 

5n 


50-102 

5 


56-819 

6 

hi 

63-252 

3 a 


66-212 

3 


66-778 

R-Ji 


022-018 

5 


24-881 

4« 


40-792 

3 


45*975 

30 

hi 

62-599 

5 


03-759 

20 

Z)1 

66*742 

2 


67*139 

5 


67*429 

3 


68-14 



70-930 

in 


71-908 

15 

ZjI 

73-921 

in 


74-947 

3 


76-792 

471 


79*996 

3 


84-647 

5 'll 


85-161 

4 


85-467 

4 


96-129 

3 


98-335 

5ri 



'llOODOl, 

14-(j0(j 

IS'^OS 

22'm 

27-'7(57 

32- 235 
38'a(:J2 
34840 
44' 038 
54 067 
S4'()76 
56 •970 
57'9-iiS 
58-959 

74- 095 

75- 806 

81- 91i) 
87-2C4 
87-913 
91-595 
91-843 

95- 492 

96- 372 
4200-148 

112-108 
10-494 
13 812 
16-351 
22'382 
26 619 
•26-584 
27-606 
29-677 
29-926 

33- 772 
36-112 
38-970 
60-287 
68-477 
67-122 
71-325 
71-934 

82- 565 
90-542 

4315-262 


4 

4 

5 

3 

4 
10 

4 


{>n 

6 

(l/i 

3« 

5 
4 
2 
8 
4 
3 

3d ? 
Bn 

3 
2 

4 
2 
3 

6 
8 

5n 

8 

2 

3 
6 

15 

5 
1 

4 


51 

54 

51 


5- 


51 


53 


d6 


d5 

35 


52 
61 
51 

53 


Number of 
plates. 


Sun-long !ire 
in A/1000. 


+ 3 

+ 11 
+ 5 

+ 5 

0 

— 11 
+ 4 

+ 3 

— 6 
+ 2 
+ 10 
2 

— 4 

+ 1 
+ 9 

+ 4 

+ 7 

— 1 

+ 10 
+ 3 

’0 

-t- 10 
0 

•+■ 3 

0 

+ 1 
+ 3 
"1- 4 

2 

~ 1 

5 

-I- 4 

+ 5 
+ 1 
+ 2 
+ 13 
-H- 9 
+■ 2 
+ 11 
+ 7 

— 2 

■( 4 , 

-- 10 

LI, 

i "2 

6 

■f 1 
~|- 8 
H- 2 

— 7 

“I” 1.0 
+ 3 

— 2 

-1- 3 

— - 2 

1 

— 9 

— 5 


— 6 
-j- 3 
— • 15 
y 

-1- 9 
-h 6 
+ 5 
+ 17 

■I" 10 

-j- 4 

+ 24 


Number of 
plates. 


Sun-sliorfc ai-Ci 
in A/ 1000. 


Number of 
plates. 


4- 11^ 


+ 6 
-- 3 
■+■ 7 
— 21 
- 20 
“1“ 2 
4- 3 


0 

— G 

— 11 

+ 4 

"0 

+ 2 
•—"'e 
—■’10 

■4- 3 

— 2 

— 18 


24 


Short arc — 
long arc in 
A/1000. 


+ 

+ 


+ 4 
+ 1 
4 

+’”s 

0 

~ 1 
-- 1 
0 
0 


+ P 
-I- 11 

31 

+ 111 

-I- 61 

~’”l^ 


-- 21 
+ 31 
+ 41 


3925-790 

28- 075 
30450 
32-7«5 
27-479 
48 246 
60-102 
56-819 
63 252 
66-212 
66-778 

4022018 

24- RSl 
40-792 
45-976 
62 699 
63-759 

66- 74-2 

67- 139 
67‘429 

68- 14 
70 930 
71-908 

73- 921 

74- 947 
76-792 
79-986 

84- 647 

85- 161 
85-467 
96129 
98-335 

4100-901 

14-606 

18-708 

22-673 

27-767 

32- 285 

33- 062 
34.840 
44038 
54-667 
54-976 

56- 970 

57- 948 

58- 959 

74- 095 

75- 806 

81- 919 
87-204 
87-943 
91-595 
91-843 

95- 492 

96- 272 
4200-148 

02 198 
10-494 
13-812 
16-351 
22-382 

25- 619 

26- 584 

27- 606 

29- 677 
29926 
33-772 
36-112 
38-970 
50-287 
58-477 
67-122 
71-325 
71-934 

82- 565 
90-542 

4315-262 


1 These values are oMainod from the other two columns by subtraction. ^ According to Fabry and Bnisson. 



A 

Intensity. 

Group. 

!7umberof 

plates. 

3nn-long arn 
in A/1000, 

Sfumber 

plates 

4321-901 

2 


1 

4 - ^ 


25-93f> 

8 

hi 

5 

4 12 


20-923 

2 


1 

+ 4 


28-080 

2 


1 

+ 7 


37-216 

5 

53 

2 

+ 8 

... 

62-908 

4 

53 

2 

+ 4 


68-071 

2 


• •• 

... 


76-107 

6 


1 

+ 7 


83-720 

15 

51 

2 

+ 8 

... 

88-571 

3» 

4.. 


— 7 


4401-466 

2 



— 4 


04-937 

10 

51 


+ 7 


lB-2-*3 

8 

51 


+ 8 


27-482 

5 

aS 


4- 3 


30-786 

3n 

c4 


+ 1 


33 390 

Bn 



4 * 4 

... 

35 321 

2n 



+ 6 


42*510 

6 

c4 

2 

+ 8 


43-363 

3 

53 

1 

■f 3 

... 

54*552 

3 

53 

1 

+ 6 


61-818 

4 

U.3 

2 

+ 7 

... 

4525-314 

5n 




1 

28-798 

8 




1 

31-827 

5 




1 

48-024 

3 




1 

92-840 

4 



... 

1 

4603-126 

H 




1 

4890-948 

6 

c5 


... 

2 

4019-174 


c5 



2 

24 107 

p Fe 5 


... 


HU 

38-997 

4 

c 



Hi 

67-480 


c6 




66-270 

4 

c5 



mm 

82-682 

Afn 

d 

... 


2 

83-433 

3n 

... 



1 

84-028 

3n 




2 

85-432 

8 

e 



2 

85-780 

3 

c 



2 

04*816 

3 

a 

... 


2 

6002*044 

5 




2 

05-896 

4 

c 



2 

00-300 

5 

c 

... 


2 

15-123 

3 ft 

c 

••1 


2 

18-020 

p Fe 4 



■ as 

2 

22 414 

3 

c 



2 

28-308 

2 

a 



2 

6133-870 

4n 

e 

... 


1 

89'427 

4 

c 



1 

39-644 

4 

c 

1 


1 

48*111 

3 


--- 


1 

61-020 

4 

a 

... 


1 

62-449 

5ft 

d 

... 


X 

69'069 

3 

... 

--. 


1 

69-220 

p Fe 4 

... 

--- 


1 

01-629 

4 

e 

... 


1 

g2'623 

5 

u5 -d 

... 


1 

06' 113 

3 

a 



1 

5208'776 

2ft 

auh-d 


... 

1 

16-368 

8n 

tub-d 

... 

... 

1 

16-437 

8 

c 

... 


1 

17’6B2 

8n 

a 

... 


1 

42-058 

2 

a 

... 


1 

50817 

2 


.. 


1 

63-486 

4ft 

8vib-d 

... 


1 

73-839 

Sft 

mh-d 



1 

81-971 

5 

8uh-d 6‘ 

... 


1 

83-802 

6 

suh-d^ 


... 

1 

6802-180 

5 

guh-d 6^ 



1 

07-641 

3 




1 

16-790 

p Fe 4 




1 

6123-890 

8 

a 

... 



6127-688 

3 

a 

... 



6162-087 

3 

a 


> « . 


6107*078 

5 

a 

... 

... 


5171-778 

6 


... 



5202-616 

4 

a 


... 



t These values are obtained from the other two ooliimnB=by subtraotion. 
333 with the long arc aooording to livershed. 


Snn-sliort arc 
in 1/1000. 

Number of 
plates. 

Short arc — 
long arc in 

A/1000. 

\ 




4321-901 




26-939 



• •• 

26-923 




28080 

+ 91 

1 

— 1 

37-216 

+ 3^ 

1 

+ 1 

63-908 



68071 

+ 01 - 



70-107 

+ 91 



83-720 


HI 

88-571 



4401-466 

+ 6^ 



04-927 



16-398 

01 

1 

+ 8 

27-482 


1 

4 ^ 

30-78.5 


1 

4- 4. 

83-390 


L 

4 i 

85-321 



42-510 




43-306 




54'5.52 

— ' “s 



61-818 

4626-314 

+ 8 



28-798 

+ 0 



31-327 

— 4 



48024 

+ 4 



92-840 

+ 2 



4003-126 

2 



4890-048 

— 12 



4919-174- 

— 10 



24-107 

— 10 



38-997 

~ 6 



67-480 

— 8 



06-270 

— 18 



82-082 

— 14 



88-438 

+ 2 



84-028 

— 8 



85-432 

— 6 

... 

... 

86-780 

+ 6 



94-316 

— 7 



5002-044 

— 8 



06-896 

— 7 



06-806 

— 3 



15-123 

+ 16 



18-629 

— 6 



22-414 




28-808 

4 36 

2 

- 16 

.5133-870 

— 11 

2 

+ 9 

39-427 

— 11 

2 

+ 9 

39-044 

4- 6 

2 

0 

43111 

4- 7 

2 

0 

61-030 

® large — 

1 

+ 20 

62-449 

4- 2 

1 

— 1 

09-069 

4- 18 



00-220 

— 14 

2 

4- 9 

01-029 

- 11 

2 

4 10 

93-628 

— 1 

2 

0 

95-] 13 

— 3 

2 

4 4 

6308-770 

— 14 

2 

4 6 

15 368 

4" 1 

2 

0 

10-437 

— 8 

2 

4 8 

17 563 

4* 6 


42-058 

4 3 



50-817 

— 4 



03-180 

- 12 



78 389 

— 9 



81-971 

— 8 



83-802 

— 9 



5802-480 

+ 3 



07-641 

-- 1 



16-790 


i 

4 1 

6128-899 

... 

1 

4 2 

6127-683 


1 

— 1 

6162 087 


1 

4 1 

6167-678 

■ •1 

1 ; 

mmm 

6171'778 

... 

1 

0 

5202-616 


® Aoo^rding to Fabry and Bnisson. 
Symmetrioal aooording to Fabry and Bnisson. 
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Table IX. 


[Tlie pressure shift; is bakon from Humphreys’ tables. Those lines nnsymmetrically widened to the red are marked ur.J 


A. 

Intensity. 

I’ressure 

shift in A 
per atmos- 
phere. 

Number 
of plates. 

Sun — arc 
in A /lOOO. 

.\ 

Intensity. 

Pressure 

shift in A 
Ijer atmos- 
phere. 

Number 
of plates. 

Sun - arc 
in A /lOOO. 

3919-039 

Oa 

1 

ur 


2 

— 10 

( 5682-869 

Na 

5 ur 

•0532 

1 

-127 

i 4095'094 

Oa 

4 

ur 

... 

2 

— 86 

i 5688-436 

Na 

6 nr 

•(:575 

1 

— 144 

14098-689 

Ca 


nr 


2 

— 78 

(5890-186 

Na 

30 

0127 

2 

+ 8 

42SJ6-901 

Oa 20 


•6651 

1 

— 2 

[ 0896-1 55 

Na 

20 

•0122 

2 

+ 7 

( 4283-169 

Oa 

4 


•0031 

3 

4- 6 

(6154-438 

Na 

2 nr 


2 

- 81 

\ 4302-692 

Ga 

4 


•0031 

3 


1. 6160-956 

Na 

3 ur 


,2 

- 79 

( 4289-525 

Oa 

1 


■0035 

3 

+ 10 

t 4077-885 

Sr 

8 

•0026 

3 

"h 14 

1 4299-149 

Oa 

3 


-0035 

3 

+ 6 

1 4216-703 

Sr 

5 d? 

•0034 

4 

+ 15 

4425-608 

Oa 

4 


-0084 

3 

+ 2 

4607-510 

Sr 

1 

•0063 

3 

+ 1 

) 4435 129 

Ca 

5 


•0081 

3 

+ 3 

f 4551--211 

Ba 

8 d 

•0036 

2 

- 5 

1 4438-851 

Ca 

4 


. 4 

8 

+ 2 

[ 4934-24 

Ba 

7 d 

•0038 

2 

- 12 

(, 4456-794 

Ca 

2 


•0079 

3 

+ 7 

4703177 

Mg 10 ur 


1 

- 37 

4527-101 

Oa 

3 

ur 

... 

1 

— 44 

C 5167-497 

Mg 15 

•0083 

3 

- 10» 

/ 4578-732 

Oa 

3 

ur 


2 

— 25 

] 5172-856 

Mg 20 ur 

•0078 

3 

_ 7# 

\ 4581-575 

Oa 

4 

nr 


2 

- 24 

(5183-791 

tig 30 ur 

•0059 

3 

- 9* 

'(4586-047 

Oa 

4 

ur 


2 

— 30 

(-4680-317 

Zn 

1 

0067 

8 

- 8 

5262-419 

Oa 

3 



1 

0 

] 4722-342 

Zii 

3 

•0073 

3 

- 9 

( 5264-415 

Oa 

8 


. . • 


4- 1 

( 1810-724 

Zn 

3 

•Oo65 

2 

- 14 

ll 5270*438 

Ca 

8 



1 


( 3944- 160 

A1 15 

•0062 

2 

+ 3 

5265-729 

Ca 

3 



1 

— 2 

13961-674 

A1 

20 

•C068 

2 

+ 2 

5582-198 

Ca 

4 


. •• 

2 

+ 2 

4709-896 

M.n 

2 


2 

4 - 3 

5588-986 

Oa 

6 


. * « 

2 

+ 2 

4739-291 

Mn 

3 


2 

- 1 

<■ 5590-848 

Oa 

3 


... 

2 

+ 1 

(• 4754-225 

Mn 

7 ur 


4 

- 6 

] 5694-691 

Oa 

4 


6072 

2 

+ 1 

4783-613 

Mn 

6 nr 


4 

- 6 

(5601-505 

Oa 

3 



2 

+ 1 

(4823-697 

jMh 

5 ur 


8 

- 6 

6698-711 

Oa 

4 



2 

+. 1 

4761-718 

Mn 

3 


3 

- 2 

(-6102-937 

Ca 

9 


•0256 

2 

— 27 

4762-567 

Mn 

5 


3 

_ 3 

] 6122-434 

Oa 

10 


•0226 

2 

— ■24-* ■ 

4766-050 

Mn 

3 


3 

0 

(6162-390 

Oa 

15 


•0225 

2 

— 28 

4766 621 

Mn 

4 


3 

~ 3 


* Oalculiited from limb displacomenta relative to centre of sun and to arc. 


The Observatory, Kodaikanal, 

ISth April 1914. 


T. ROYDS, 
Assistant Director^ 


PfilNTEB BY THE STTPERINXENDBNT, QOVBRNMBNT PRESS, MADRAS. 








It^otrailtanal #ibs^ttbatoi;g* 


BULLETIN No. XXXIX. 


ON THE DISPLACEMENTS OF THE SPECTRUM LINES AT THE SUN^S LIMB. 

.A.n investigation of the displacements of the spectrum lines at the suiPs limb was made by MV,. S. 
Adams in 1909, using the tower telescope a,nd 30-foot spectrograph at Mount Wilson.* It was shown 
that, if we except the lines characteristic of the higher chromosphere which show little or no displacement, 
the great majority of the lines are displaced to the red relatively to the lines at the centre of the disk. 
This relative shift increases with the wave-length for all the elements investigated, and for iron the 
displacements increase rather more rapidly than in direct proportion to wave-length. 

Dr. Adams adopts the explanation of this shift suggested by Halm, who believed it to be due mainly 
to pressure, the effective region of absorption at the limb being supposed to be at a lower level and there- 
fore higher pressure than at the centre of the disk, owing to the relatively longer path of tangential rays 
in the lower levels of the reversing layer compared with the rays passing normally through the solar 
atmosphere, as at the centre of the disk. 

As an alternative to this theory we might suppose the shifts to be due to motion in the line of sight. If 
the gases are ascending radially all over the sun with the required velocity, the relative shift to the red at 
the limb as compared with the centre of the disk would result. This however is ruled out because we 
find a descending, not an ascending movement, when the positions of the lines at the centre are directly 
compared with those from a terrestrial source. If the shifts are the result of movement then they can 
be explained only by a motion parallel to the solar surface, and directed away from the earth at all 
points of the solar circumference. This suggests that the earth itself controls the movement, exerting a 
repelling action on the solar gases. 

Obviously the pressure theory presents a m.uch more rational explanation of the phenomenon than the 
motion theory; yet there are difficulties in accepting the former which have not been in any way lessened, 
but on the contrary have been largely increased, by further research. An initial difficulty which appeals to 
us is the absence of any evidence of shading or indefinite edges on the red sides of the lines near the sun's 
limb. If the photospheric light coming from the limb passes through successive layers of dimiuishing 
pressure, one would expect the absorption to begin gradually at the red edge of a line, especially as the 
absorption would be weakest in the lowest and hottest layers where the pressure is greatest, and would 
increase as the rays entered the cooler regions of less pressure. The red sides of the displaced lines 
should therefore appear indefinitely hounded, yet no trace of any such effect is apparent. The lines of the 
limb spectrum are broader than those of the centre spectrum, hut they are sharply hounded on both red 
and violet edges. Perhaps the strongest argument in favour of the pressure theory which Adams gave in 
his paper is based on the relative shifts of the iron lines which are most and least affected by pressure. He 
found that the lines most affected by pressure gave the largest limb — centre shifts, and he also argued that 
the large increase of shift with wave-length for the iron lines pointed to pressure as the main factor in 
the case. 

We find it difficult to accept these results, because we consider that the relative shifts of different lines 
at the limb have no particular meaning when determined by reference to the lines at the centre of the disk, 
for these latter have shifts peculiar to themselves, and our measures show that the absolute shifts of the lines 

* AstrophjBical Journal XXXI, 80, 1910. 
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at tlie lirnl) referred to a terrestrial standard sliow no relation to pressure shifts, and further, the absolute 
shifts do not increase with the wave-length. 

We have discussed in Kodaikanal Observatory Bulletin Nos. XXXVI and XXXVIII the shifts of the 
lines at the centre of the disk compared with the arc in air, and consider that our results clearly show that 
pressure is not concerned in the general displacement of the solar lines towards the red. A small pressure 
effect is nevertheless traceable, but this indicates a pressure of less than one atmosphere in the region of 
iron absorption as observed at the centre of the disk. 

This result seems to argue against any large pressure effect at the limb, such as would be deduced from 
the shifts limb — centre. 

Determination of limb shifts. 

In determining the absolute shifts of the lines at the limb we have simply combined our measures of 
the limb — centre shifts with the centre — arc shifts, the algebraical sum of the shifts representing the abso- 
lute or limb — arc shifts. A number of direct measures of the limb — arc shifts were also made by one of 
us, and these, so far as they go, confirm the indirect determinations. 

The spectrograph employed has already been described in Kodaikanal Observatory Bulletin No. XXX VX* 
Tor the limb — centre shifts photographs are obtained by means of a reflecting device placed in front of tlit* 
spectrograph slit. With this apparatus simultaneous exposures are made with light from the centre of tliw 
disk and from points one-thirtieth of the sun^s radius inside the limb at the opposite ends of a diametiT, 
The spectra form three contiguous strips on the plate each about 1’5 mm. in width. After the expostire 
on the sun, an exposure is made on the iron arc to impress the iron lines on the plate outside the solar 
spectra: these serve to determine accurately the inclination of the micrometer thread to the spectrum liiicvH 
in measniing the displacements, but are not used to determine centre — arc or limb— arc shifts on thi’sc 
plates. In this way the total shift west limb — east limb due to the solar rotation may be accurately* 
determined as well as the limb — centre shifts. 

In table I we give a list of all the iron lines of which we have measures of both limb — centre shifts anti 
centre — arc shifts. The algebraical sum of these given in column 6 represents the absolute shift of the limii* 
near the limb when compared with the iron arc in air at 580 mm. pressure, the normal pressure uf, 
Kodaikanal. 


Table I. — Shuts op Ikon I.ines. 


A (Bowland). 

Inten- 

sity, 

Limb — 

centre. 


o- 

arc. 

Sum. 

itemarks. 

Number of 

measnru.s. 

Kodaikanal, 

Mt. Wilson. 

Limb ■ — 
centre. 

O — ai'c. 

3895-803 

7 

A/1000. 

— 3 

A/1000 

A/1000. 

-i- 14 

A/1000 
+ 11 



2 

■ 1, 

3899-850 

7 

— 

4 




19 


15 



4 

<1. 

3903-090 

10 

-r- 

2 



+ 

17 

+ 

15 



4 

•4 

3906-628 

10 

+ 

4 

... 


+ 

11 

+ 

15 



5 

4 

3920-410 

10 

— 

1 

+ 

6 

+ 

15 

■f 

17 

3 plates give zero 

shift 

4 

4 











and one plate — 6 

(limb 



3923-034 

12 

+ 

7 



-i- 

14 


21. 

— centre). 


4 

4 

3925-790 

0 


7 



+ 

6 


12 



3 

1 

3928-075 

8 


2 



+ 

18 

+ 

20 



2 

4 

3980-450 

S 

+ 

2 



+ 

14 


16 



5 

4 

3931-269 

1 

+ 

8 



+ 

8 

+ 

16 




1 

3935-965 

2 

+ 

4 




13 

+ 

17 



3 

1 

3937-479: 

3 

+ 

3 

-ft 


0 


3 




1 

3948-925 

4 

4- 

8 




6 

4- 

14 



3 


3950-102 

s 

-h 

6 

+ 

6 

+ 

5 


11 



4 

1 

3956-819 

6 

4* 

6 

+ 

7 


4 


11 



6 

4 

3966-212 

3 

"1“ 

4 

f •« 


+ 

4 


8 



8 

■ 1 

3969-413 

10 

4"' 

4 




14 


18 



5 

4 

3977-891 

6 

+ 

7 

+ 

6 

+ 

6 

+ 

13 



Q 

3 

-■ 3986'321 

3 

+ 

6 




5 

+ 

11 



2 

1 

3998-205 

4 

4- 

7 



0 

+ 

7 





- 4005-408 

7 

4" 

8 

4- 

8 

+ 

8 

4* 

16 



1 

3 

. 4009-864 

3 

+ 

9 



5 

+ 

4 




1 

4022-018 

4045-975 

5 

30 

+ 

+ 

14 

8 

-p 

9 . 

-f 

0 

6 

. + 

12 

14 



X 

1 

1 

1 


Table I. — Shifts of IitON Lines — cont. 


A (Rowland). 

Inten- 

sity. 

Limb - 

centre. 

o- 

are. 

Sura. 

Eemarbs. 

j Number of measures. 

Kodaikanal. 

Mt. Wilson. 

Limb — 
centre. 

O — arc. 

. 



A/1000. 

A/ 1000. 

A/IOOO. 

A/1000. 




4062-699 

5 

+ 

8 



+ 

4 

+ 12 


i 1 

2 

4063-769 

20 

+ 

8 

+ 

8 


6 

4- 14 


1 

4 

4071-908 

15 

+ 

3 



+ 

8 

4- 11 


1 

3 

4076-792 

4 

+ 

7 



+ 

3 

4- 10 


1 

1 

4118-708 

5 


6 



4- 

3 

4- 9 


3 

2 

4127-767 

4 

-j-. 

6 



+ 

5 

-1- 10 


2 

2 

4134-840 

5 

+ 

6 



4“ 

2 

+ 8 


2 

2 

4140-089 

6 

— 

1 



(+ 12) 

+ 11 

Limb — arc direct mea- 

2 

... 










sure. 



4144-088 

15 




8 

+ 14 

4 22 


. , 

8 

4147-836 

4 

+ 

7 



i+ 

2) 

+ 9 

Limb — arc direct mea- 

3 

... 










sure. 



4154-667 

4 


6 




7 

+ 13 


3 

2 

4175-806 

5 

+ 

6 



-h 

2 

4- s 


3 

4 

4181-919 

5 


7 



+ 

4 

4- 11 


1 

6 

4187-204 

6 

+ 

2 




7 

+ 9 

Un sharp line in arc 

2 

3 

4191-595 

6 

+ 

3 




2 

4 5 


3 

6 

4202-198 

8 

+ 

3 


5 

+ 

11 

4- 15 


4 

4 

4220-509 

3 

+ 

7 

+ 

8 

(0) 

+ 8 

Limb — arc direct mea- 

1 

... 










sure. 



4227-606 

4i 


4 



+ 

5 

+ 9 


1 

2 

4233-772 

6 

+ 

7 


8 


1 

4- 7 


1 

3 

4236-112 

8 

— 

7 



+ 

4 

-- 3 


1 

3 

4250-287 

8 

— 

3 

,, 


■L 

6 

4- 3 


3 

2 

4260-640 

10 

+ 

7 

■L 

4 

+ 

7 

4- 12 


2 

1 

4271-325 

6 

-i" 

3 




5 

-|“ 8 


3 

3 

4271-934 

15 

— 

6 


6 

+ 

9 

+ 9 


2 

3 

4282-566 

5 

+ 

7 

+ 

7 

+ 

7 

4- 14 


2 

4 

4308-081 

6 

+ 

10 

,, 



8 

4- 18 


4 

■ 4 

4315-262 

4 


9 

-+■ 

8 


9 

-1- 18 


7 

4 

4826-939 

8 

+ 

2 


3 

”1“ 

10 

4- 13 


0 

6 

4337-216 

6 

+ 

8 

+ 

8 

+ 

5 

+ 13 


6 

4 

4352-90H 

4 

-1- 

6 

— j— 

6 

+ 

4 ■ 

4- 10 


7 

3 

43e9‘941 

4, 

+ 

12 



4- 

11 

•4 23 


2 

1 

4376-107 

6 

+ 

4 

+ 

5 

+ 

11 

4 15 


2 

2 

4383-720 

15 

+ 

1 




9 

•+- JO 


2 

5 

4404-927 

10 


1 



+ 

9 

4 8 


3 

4 

4416-293 

8 

+ 

3 

,, 


+ 

1-3 

-1- 15 


4 

2 

4427-482 

5 

+ 10 




3 

4 13 


3 

4 

4480-785 

3 

+ 

8 

H- 

8 

+ 

1 

4 9 


4 

8 

4442-6X0 

6 

+ 

4 

-L 

6 

4- 

8 

4 13 


8 

3 

4443-866 

3 


11 

+ 

7 


4 

4 13 


2 

2 

4447-892 

6 

+ 

4 

+ 

5 

4 

14 

+ 18 


1 

1 

4454*652 

3 

+ 

7 


7 

4 

6 

Is 


2 

2 

4461-818 

4 

+ 

7 

+ 

7 

-h 

7 

4 14 


3 

3 

4406-727 

5 

+ 

8 



+ 

12 

4 20 


2 

4 

4494-738 

6 


6 

-j- 10 

+ 

7 

4 35 


3 

4 

4508-455 

4 



•-j— 

11 

4 - 

4 

15 

p ITe in short are 

• f. 

1 

4516-608 

3 



+ 

11 

+ 

3 

4 14 

p Fo in short arc 


1 

4622-802 

8 



H- 

10 


2 

-+• 8 

p Fe in short arc 


1 

4528-798 

8 


4 

-4- 

5 

4- 

10 

4 14 


4 

3 

4631-327 

5 

-+- 

8 

+ 

7 

+ 

5 

4 12 


5 

2 

4548-024 

3 

+ 

4 

+ 

a 


6 

4 12 


4 

2 

4549-642 

2 



+ 

8 


0 

4 8 

p Fe in short arc 

-ti 

1 

4556-063 

8 



4- 

11 


1 

+ 12 

p Fe in short arc 


1 

4584-018 

4 



+ 12 

+ 

4 

+ 16 

p Fe in short arc 


1 

4692-840 

4 

+ 

6 



+ 

8 

4 14 


4 

2 

4603-126 

6 


4 



+ 

8 

+ 12 


3 

2 . 

4607-831 

4 

+ 

7 



+ 

2 

4 9 


2 

1 

4619-468 

8 


4 



“t- 

s 

^ 9 


2 

1 

4626-227 

6 

+ 

7 




1 

+ 6 


2 

1 

4637-685 

6 

■f 

4 



-f- 

1 

4 ^ 


3 

1 

4638-19S 

4 


5 



4- 

1 

4 6 


2 

1 

4647-617 

4 


7 



4- 

9 

4 16 


1 

2 

4654-672 

4 

+ 

6 



4 

8 

4 9 


1 

1 

4654-800 

5 

+ 

9 



4* 

1 

-1- 10 


1 

1 

4667-626 

4 

+ 

6 




1 

+ 5 


2 

1 

4679-027 

6 

+ 

6 



+ 

2 

4 8 


2 

1 

4707-457 

6 

+ 

4 



4" 

5 

4 9 


1 

1 

4733-779 

4 



4- 10 


1 

4 11 



1 

4736-963 

6 



+ 

8 

4- 

1 

4 9 



1 

4787-003 

2 



+ 

8 


4 

4 12 


. r. 

1 

4789-819 

3 



+ 

7 

+ 

6 

4 13 



1 

4859-928 

4 



+ 

9 

- 4 - 

2 

4 11 



3 


1-A 
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Table I. — Shifts of Iron Lines— cojii. 


A, (Eowlancl). 


Inten- 

sity. 


4871- 612 

4872- 882 

4890- 948 

4891- 683 
4908-602 
4919-174 
4924-107 
5018-629 
5088-618 
5107-619 
6107-828 
51H9-427 
6189-644 
6ie2<44g 

6107-678 

6169-069 

6169-220 

5171-778 

5191-629 

6192-528 

6195-118 

6216-487 

6227-862 

6233*122 

6266-788 

6289-723 

6281-971 

6288-802 

6803-480 

6816-790 

6824-378 

6828-236 

6828-721 

6340-121 

6406-989 

6424-290 

6429-911 

6484-740 

6447-180 

6465-834 

5569-848 

6578-076 

6686-991 

6616-877 


i Limb — 

centre. 

0 - arc. 

. . j 

Sara. 

. . t 

Uemarka. 

KTnmbe 

; 

' Kodaikanal. 

Mt. Wilson. 

‘ Limb- 
oentre 

A/ 1006. 

A^IOOO. 

A/1000. 

A/1000. 



-1- 8 

+ 9 

+ 4 

+ 18 


1 

+ 6 

... 

+ 8 

+ 9 


1 

+ 5 

... 

+ 8 

+ 18 


1 

- 1 

• •• 

+ 10 

+ 9 


1 

+ 17 

... 

0 

+ 17 


1 


+ 9 

0 

+ 9 



• •• 

"b 9 

+ 6 

+ 14 

p Pe in abort arc 


... 

b 8 

+ 16 

+ 24 

p Pe in abort arc 


... 

+ 9 

+ 7 

■j- 16 



0 


+ 4 

+ 4 


2 

+ 12 


+ 4 

+ 16 


2 

+ 8 


- 3 

0 

O — abort arc = — 11 

2 

... 

-b 7 

0 

+ 7 



+ 6 

... 

- 88 

V 

Faint and difPuae line in 

1 





arc. 


+ 17 


-b 16 

+ 33 

bi. 

1 

- 1 


+ 11 

+ 10 


1 

+ 8 


+ 18 

+ 26 

p Pe iu abort ai*o 

1 

- 2 


-b Ifi 

+ 13 


1 

+ 6 


- 1 

+ 6 

O — short aro = — 14 

1 

0 


+ 2 

+ 2 

O — abort aro = — 11 

2 

+ 4 

■b 8 

+ 6 

+ 12 

O — abort aro = — 1 

1 

+ 3 


-b 6 

+ 9 

O — abort aro t= + 1 

2 

+ 3 


+ 8 

+ 6 


1 

0 

... 

+ 7 

+ 7 


1 

+ 5 

... 

- 4 

+ 1 


1 

- 1 


+ 9 

+ 8 


1 

+ 1 

... 

- 8 

- 2 

O — abort aro =3 — 9 

1 

•b 4 


- 1 

+ 3 

O — abort aro => — 1 

1 

+ 3 


- 3 

0 


2 

-b 6 

+ 12 

- 1 

+ 10 

p Pa in abort aro 

2 

“b 2 

.■i 

& 

+ J1 


2 

•b 3 

... 

+■ 16 

+ 18 


2 

+ 7 

.•> 

+ 8 

+ 18 


2 

+ 6 


- 6 

** 

““ JL 


2 


-b 9 

'' 4- 9 

+ 18 




+ 7 

+ 30 

+ 87 

Faint and diffuEe in arc 



+ 9 

+ 6 

+ 16 




-1- 10 

+ 8 

b 18 




4- 10 

“*T 5 

+ 16 




+ 8 

+ 19 

+ 27 



-b 9 

+ 11 

-b 5 

+ 16 


4 

+ 6 

... 

+ 7 

+ 12 


•ii 

+ 6 

-b 10 

+ 4 

+ 12 

, ' i ■ 

4 

+ 1 

+ 9 

+ 9 , 

+ 14 


4 


O — arc. 


In forming this table hare given Dr. Adams' values of the limb shifts in..oolumn 4 under the head- 
ing Mount Wilsonf' and these values have been used in forming column 6 for the lines which we have not 
yet measured. For lines measured at both observatories the mean of the two determinations of limb — 
centre has been used. For most of the common lines the agreement between Mount Wilson and Kodaikanal 
is excellent, but there are two or three marked discrepancies such as the lines 3920’410 and 4271-934, which 
according to our measures are shifted towards the violet instead of towards the red as in Dr. Adams' 
determinations. The values iu column 6 for these lines must be subject to considerable uncertainty. 

As regards the relative accuracy of tlie different determinations, we give in the last two columns of 
table I the number of measures on which each value depends. In most oases several plates, taken at 

different dates and in different solar latitudes have bean used for each determination of limb centre or 

sun. — arc shift. There appear to be considerable systematic variations in the amount of the shifts given by 
different plates, for both limb — centre and centre — are, so that values obtained from one plate only are 
subject LG this -variation from the mean in addition to the greater aooi(iental error of measurement;. 

The sun -arc measures are the same as those given in . Kodaikanal Observatory Bulletin No XXXVI 
with additions„^nd improved values for many of the lines obtained from later measures. ’ ' 



75 


Ltmh shifts in relation to the intensity of the lines, 

Ihe first point to be noted in tliese measures is the relation to intensity. If the lines are grouped 
according to their intensity in the sun the following mean results are obtained 


Table IL — Mean Shiei-s in relation to Intensity. 



IntGn8iti3\ 

Number of lines. 

Limb - centre. 

Centre - arc. 

1 Limb - arc. 



8 and over 

7 and 6 

5 

4 

3 and under 

24 

33 

2fj 

34 

20 

+ 0-0023 A 
+ 0-0047 
+ 0-0074 
+ 0-0073 
+ 0-0066 

4- 0-0107 A 
-1- 0-0063 
+ 0 0037 
+ 0 0051 
+ 0-0038 

' 1 

-h 0'0130 A 
-P 0-0110 
+ 0-0111 
-f 0-0124 
+ 0-0104 



In this table all the lines of table I are used in forming the means excepting two. These are the lines 
at A. 5162-449 and Tv. 5424-290, which give very anomalous shifts due to peculiar conditions in the arc. 
. any other lines also are probably affected by the arc conditions, especially those which widen unsymme- 
trically under pressure, but as it is not at present possible to classify all the lines of table I it has seemed 
best to take general means, excluding only those above-mentioned lines which give enormous centre — arc 
shifts which are almost certainly not connected with solar conditions. 

Although individual lines for each intensity give very different shifts for both limb — centre and centre 
— arc, the relation to intensity is well marked in the means. The limb shifts increase as the intensity 
dirnini.shes from the strongest lines to intensity 5, whilst the centre shifts decrease over the same range. 
Below intensity 6 the shifts are nearly constant. If tlie arc lines may be considered to be in their normal 
positions, then the rolation to intensity of the limb ■ — centre shifts is only an apparent one and is really due to 
the varying shifts of the lines at the centre of the disk, for the added shifts given in the last column 
limb — arc” show practically no relation to intensity. 

llelahon hetweon limb shifts and pressure shifts. 

If we group the total shifts, limb arc at 580 mm.. pressure according to the amount of the nressure 
shifts, the following results are obtained : — 



If the limb arc shifts are corrected for tlie defect of pressure at Kodaikaual from normal and the results 
for the two spectral regions are averaged, the limb — arc shifts for normal pressure become + 0-0065 A for 
the lines most affected by pressure, and -f 0-0134 A for the lines least affected by pressure. If the wave- 

^iipposed to be unaffected by other conditions, this would mean a total pressure at 
e limb of 0-24 atmosphere only, but it is yery questionable whether the arc under the conditions of our 
experiments does give » normal ” wave-lengths for many of the lines. Dr. Boyds has shown that lines which 
are unsymmetrical in the arc (i.e,, the majority of lines with large pressure shifts) are displaced in the short 
arc compare with the long arc.* This shift is not due to pressure differences or to motion, but appears to be 
a density effect, and there are reasons for belicvingthat in tbe long arc (5 to 7mm.) the conditions, although 
approaching more nearly to solar conditions than in the short arc, are still far from being the same as in the 
reversing layer, where the gases appear to be of the last degree of tenuity. Many of the arc lines therefore 
which we have compared with the s un, and esp ecially those which give abnormal pressure shifts, may be 

n * Kodaikaual Observatory Bulletin No. XXXVTII. ~ ' 
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affected by this density shift whioh. would in general tend to reduce the sun : — arc shifts for the lines most 
affected by pressure. 

It would seem probable therefore that this density shift may partly aoooant for the low values obtained 
for the lines moat affected by pressure. Even if we concede that the whole difference of shift between 
the lines moat and least affected by pressure (which would amount to about 0‘007 A when the arc is at 
normal pressure) is due to the density effect, the figures would imply an absolute pressure near the limb of 
one atmosphere only, and the difference of pressure between limb and centre of disk about one-fourth of an 
atmosphere. 

It is probable that a better knowledge of the effect of pressure at the limb may be gained by a 
comparison of the shifts of only those lines which widen symmetrically in the arc under pressure. In our 
list there are only 4o lines which are known to be of this character, and the pressure shifts of these lines do 
nob vary very widely : they may nevertheless bo separated into two groups comprising the more and the 
less affected lines. 

In table lY the shifts of the symmetrical lines are set out in detail with the mean values in Angstrom 
units at the foot of each column. The pressure shifts in column 2 are from the tables of G-ale and Adams.* 

Tablb IV. — Mean f^Hms of Symmetrical Lines in relation to Prbssueb Shipts. 



Fressni-e shift. 

3 Atmospheres. 

Limb shift. 

Centre shift. 

Total shift. 


A . — Zrvnes most affected iy ^resawre. 


8903-090 

+ 22 

- 2 

+ 17 

+ 15 

8969'41S 

22 

+ 4 

14 

18 

404)5-975 

23 

8 

6 

■ 14 

4)184-840 

27 

6 

2 

8 

4144-038 

29 

8 

14 

22 

4202-198 

26 

4 

11 

16 

4271-93-i , 

22 

0 

9 

9 

4887-210 

27 

8 

5 

13 

4309-941 

23 

12 

11 

28 

4383-720 

27 

1 

9 

10 

4454-652 

23 

7 

6 

13 

4681-S27 

29 

7 

5 

12 

6227-862 

31 

3 

3 

6 

6269-723 

27 

- 1 

9 

8 

5328-236 

29 

+ 3 

16 

18 

6328-721 

26 

7 

8 

16 

5405-989 

27 

9 

9 

18 

6429-911 

29 

9 

6 

16 

6434-740 

27 

10 

8 

18 

6447-130 

31 

10 

6 

16 

6466-834 

29 

8 

19 

27 

MeauB ... 

+ •0264 

+-0068 

+ •0091 

+ •0149 

. 

■B , — Linea least affected iy yreaav/re. 


8896-803 

+ 11 

- 3 

+ 14 

+ 11 

3809-860 

12 

- 4 

19 

16 

3906-628 

11 

+ 4 

11 

15 

8920*410 

10 

2 

15 

17 

3923-064 

11 

7 

14 

21 

8928 076 

12 

2 

18 

20 

8980-460 

18 

2 

14 

16 

3966-819 

14 

7 

4 

11 

3977-891 

17- 

7 

6 

iS 

4006-408 

19 

8 

8 

16 

4068-769 

20 

8 

6 

14 

4071*908 

21 

3 

8 

11 

4282-665 

21 

7 

7 

14 

4808-081 

21 

10 

8 

18 

4316-262 

19 

9 

g 

18 

4826-939 

20 

8 

10 

13 

4862-908 

17 

6 

4 

10 

4376-107 

18 

4 

11 

16 

4404-927 

21 

- 1 

9 

8 

4415-293 

18 

+ 3 

12 

16 

4427-482 

17 

3,0 

3 

l-S 

4443-866 

19 

9 

4 

13 

4461-818 

16 

7 

7 


4466-727 

18 

8 

12 

20 

Means 

+ -0164 

+ •0049 

+ •0097 

. +*0146 


* AetrophysiMl Journal XXXV, 8, 1912. 
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The mean total shift limb — arc is practically identical for the two sets of lines, although the mean pres- 
sure shifts are in the ratio 1 : 1*6. This would of course imply that the total pressure at the limb is about 
the same as that of the air at Kodaikanal, or three-fourths of an atmosphere. It must be said however that 
some of the values of the limb — centre shifts are very uncertain and need revision, especially those which 
give low values for the total shift. If we eliminate from the lists the five lines which yield total shifts 
less than 10, the mean shift for the most affected lines would be + 0-0165 A, and for the least affected 
lines + 0*0149 A, a difference which would imply a total pressure at the limb of 1*27 atmosphere above 
the pressure at Kodaikanal, or about one atmosphere above normal pressure. 

If the total pressure at the limb were of the order of 6 atmospheres, as might be deduced from the 
mean total shift of symmetrical lines which is almost -{- 0*015 A, then there should be a difference of shift 
between the lines most and least afieoted by pressure of 0*0075 A, a quantity which could not fail to appear 
in the mean results. 

In this discussion we have taken no account of differences of level of the effective regions of absorption 
for the different lines. The reason is that the limb — arc shifts, as we have shown in table II, are not appreci- 
ably affected by differences of intensity. If the intensities of the lines near the limb are related to level in 
the same way as St. John has found for sun spots on the disk, then in the region of iron absorption level 
appears to have little or no effect on the displacements. For the symmetrical lines these are remarkably 
constant, not only for lines of greatly differing intensity but also for lines in very different regions of the 
spectrum. 

Another reason for believing that the limb shifts are not due to pressure alone is furnished by the dis- 
placements of, those iron lines which with increased pressure are shifted to the violet (M!t. Wilson group e) 
in contrast to the majority which are shifted to the red. For these lines we have only measures of limb — 
centre, the total shifts being unknown, but if the displacements at the limb of the majority of lines to the 
red is due to increased pressure alone then the lines of group e ought to he shifted to the violet. We have 
at present only two photographs of limb and centre containing lines of group e but their evidence is quite 
decisive, for each line is displaced to the red. These two plates include the regions W 5865 to 5455 and W 
5555 to 5638, and the average displacement limb — centre is given in the following table, together with the 
pressure shift per atmosphere according to Gale and Adams * : — 


Table V. 

Pressure shift Mean shift 
]3or atmosphere. Limb — centre. 

Lines displaced slightly to the red by increased pressure -h 0'004 A. •+ 0'008 A. 

(XK 5371, 5397, 54.05, 5429, 5434, 5447). 

Lines displaced greatly to the red by increased pressure + 0*023 A. + 0*008 A. 

{W 5393, 5565, 5669, 5573, 5576, 5586, 5603, 5615, 5624, 

5638). 

Lines displaced greatly to the violet by increased pressure ... — 0*018 A. -1- 0*005 A. 

{Xk 5365, 5383, 5411, 5415, 5424, 5555, 5565, 5598). 

The lines shifted to the violet by pressure have, it is seen, smaller displacenrents to the red than the 
other lines. Assuming that this relative shift is due to pressure, the deduced pressure at the sun^s limb is, 
according to whether we compare these lines with the first or the second group in the table, one-seventh 
or one-fourteenth of an atmosphere above that at the centre of the disc ; either of these amounts is com- 
paratively insignificant. It should be mentioned, liowever, that the relative shift of these lines compared 
with the other lines is not necessarily due to pressure because we do not yet know the displacement at the 
centre of the sun, for in the arc the wave-lengths are not normal.f It may possibly be that the smaller 
displacement at the limb of the lines shifted to the violet by pressure will be compensated by a larger 
displacement at the centre as was shown above to be the case for lines of different intensities. 


Limb shifts in relation to wave-length. 

Our results do not confirm that large increase of shift with wave-length which Adams obtained with a 
much smaller number of lines. It is true that the relative shifts limb — centre tend to increase towards the 
red end of the spectrum, but this is counteracted by a decrease in the centre — arc shifts, so that the total 

* ABfcrophysical Journal XXXVII, 891, 1913. + See Kodaikanal Observatory Bulletin No. XXXVIII. 
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sliift limb — arc remaina sensibly constant whether we take all the lines of table I or only the symmetrical 
lines. These resnlts are shown in table YI, where the lines of table I are grouped in three different regions 
of the speotrumj and the shifts ior each group averaged. As in table II the lines 5162'449 and 5424'290 
bave been omitted. 


Table YI. — Mean shiets in eblation to wave-length. 


Number cf 
lines. 

Begion. 

Limb — 
centre. 

Centre - are. 

Limb— aro. 


(A) All lines except two. 


49 

3895-4282 

-1- 0-0046 A 

+ 0-0069 A 

-1- 0-0116 A 

46 

4808-4789 

-j- 0-0069 

+ 0-0062 

-1- 0-0121 

48 

4869-6616 

+ 0-0060 

-1- 0*0065 

+ 0*0116 


(S) Symmetrical lines only. 


28 

3895-4826 

-t- 0-0044 A 

+ 0-0106 A 

-t- 0-0160 A 

22 

4337-6466 

+ 0'0063 

+ 0-0082 

+ 0-0146 


The symmetrical lines have been grouped in two regions only^ owing to the small number of lines 
available. Both table A and table B exhibit the same oharaoteristio inverse relation between the limb 
shift and the centre shift which results in sensibly constant values of the total shift, or limb— arc shift. The 
symmetrical lines give higher values, probably from the absence of the anomalous shifts caused by peculiar 
conditions in the aro. 

If the total shifts at the linab were due to pressure we should expect to find a marked increase in the 
mean values for the less refrangible lines. For the symmetrical lines the mean pressure shift of the 28 
more refrangible lines is 0*0025 A per atmosphere, and of the 22 leas refrangible lines it is 0*0080 A per 
atmosphere. But the less refrangible lines represent lower levels in the reversing layer than the more 
refrangible lines, so that the mean limb shifts should increase in a greater ratio than 25 ; 30. As they 
do not increase at all bat tend to be smaller for the less refrangible lines, we conclude that pressure is 
not oonoerned in the general shift of the lines towards the red. 


The Cyanogen Banda. 


^ The shifts oE the cyanogen bands at the limb and at the centre of tlie disk give additional evidence 
which is strongly against the view that pressure is the cause of the limb shifts, for the bands or flutings 
are not appreciably affected by pressure, and therefore the shifts found between limb and centre and centre 
and aro can only he explained by motion in the line of sight. 

In the paper already cited Dr. A dams, refers to hie measures of the cyanogen flutings at X 3883 and 
X 4216, for which he finds a small positive shift limb — centre. His mean result for several plates and for 
14 bands near 8883 is + 0'002 A. A few measures of these bands have also been made at Kodaikanal 
with resnlts which confirm Adams^ measures, showing a relative shift to red at the limb which is notably 
smaller than that of the iron or titanium lines. The mean shift limb — centre of the best defined hands is 
+ 0*002 A from 5 plates. 


The values vary considerably from plate to plate, and Adams considered this shift to he due to 
ascending movements of the cyanogen at the centre of the disk, causing a violet shift at the centre or a 
relative shift to red at the limb. 


Obviously the determination of the absolute shifts of the ON bands at the centre of the disk compared 
with the bands in the carbon aro is of crucial importance in testing Adams' hypothesis and in connection 
with limb shifts generally. Accordingly we have made very careful sets of measures of the bands near 
3883 in eight comparison spectra of the carbon arc and the centre of the disk, using carbon terminals or 
one terminal carbon and the other iron. 

In table YII the mean results are given for two sets of measures of 4 plates, each by different 
measurers, the initials N, N, H, and E at the head of columns 2 and 3 indicate the measurers Nagaraja 
Ayyar, Narayana Ayyar, Royds and Evershed respectively. 
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Table YII. — Shiits of ON bands at oentee of disk in A/1000. 


A. (Rowland). 


3863- 533 

3864- 438 
3876-448 

•556 



3880 
3880 

•729 
•825 

8882 [ 'll 


Means 






N.N.R. 

(4 plates). 

. ... -f. 10 

B. 

(4 plates). 

... 

... 

... 


+ 10 

+ 7 

... 

... 

... 



— 6 

+ 1 

••v ^ 

... 

... 



+6 

■T 4 


... 

... 

... 

— 2 

+ 1 

.. 

... 

... 



. ... -|- 6 

•f 6 

... 

... 

... 





+ 5 


... 

... 





+ 3 

... 

... 

... 

... 


+ 7 

... 

... 

... 



• ... -j- 5 

+ 4 


... 

... 



+ 8 

+ 7 


... 

... 

... 

+ 9 

+ 7 


... + 0-0052 A + 0-0045 A 


taoh set of 4 plates was pliotograplied independently at different dates and required different oorreotions, 
to be applied for he earth s movements relative to the sun. The lines or bands chosen for measurement 
were those clearly defined in the sun and free from evidence of any interference by lines due to other 
substances. All of them are assigned by Eowland to 0 only. As the two sets of measures were made 
quite independently rather a different seleotioii was made, but the agreement of the values for the common 
Imes IS as good as could be erpeoted considering the breadth of many of the bands of which the component 

T"i f, photogi-aphs. There is a general agreement also in the differences 

of shift for the different lines or bands, showing that these differences are not due to errors of measure- 
ment, hut are possibly duo to the peculiar conditions in the arc, which as we have shown tend to produce 
sraaJl, or even i.iGgativ 0 , sun — arc shifts iu the case of some of the iron lines. The two lines 3876-448 and 
8 -481 winch give negative shifts in the first set of measures and small positive shifts in the second set 

would seem to be affected in this way, and the difference in the measures may be due to a shorter are having 
been used in the first set of photographs than in the second. 


Both sets of measures agree iu showing a general shift of the ON bands to the red at the centre of 
e dis c amounting to + 0-005 A, a value which is almost certainly too small, as the general effect of the 
arc conditions is to reduce the sun - arc shifts. If the lines giving negative shifts a, re excluded the general 
mean becomes + 0-0064 A, equivalent to a motion of descent on the sun of 0-50 kin/seo. This is the same 
order of velocity), as we have found for iron in the reversing layer, being intermediate between, the velocities 
obtained from the high level and low level iron lines. According to St. .John the GN bands represent a 
rathei- low level m the solar atmosphere, or about a mid-level in the reversing layer, so that the velocitv 
found above is in strict harmony with our results for iron. 

As the cyanogen gas in the suii is descending at the centre of the disk and not ascending, the limb 
centre shifts to the red cannot be explained as due to a violet shift at the centre. If the limb — centre and 
centre — arc shifts are added, the total or limb — arc shift amounts to about + 0*008 A, indicating a recession 
at the limb parallel to the solar surface of 0*62 km/seo. But this movement of recession at the limb 
suggests a similar movement for iron and other elements. For iron the total shift at the limb is as we have 
shown + 0-015 A for the symmetrioal lines, and almost constant for different spectral regions. This would 
imply velocities varying from .M km/seo. at X 4000 to 0-9 km/sec. at X 5000. 
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The velocity interprotatiop. ef the Hmh shifts of the iron lines seeraB forced upon us by the CN shifts^ 
and involves very remarkable consequences, for "we have to suppose the iron and other gaseous substances 
receding from the earth at opposite points on the sun^s limb, at the centre, and by inference all over the- 
disk and all round the circumference, the velooity increasing from the centre of the disk towards the limb 
where, unimpeded by the denser gases- at the base of the reversing Myer, it attains a velocity of about 
1 km/sBC. 

But a movement constant in direction relative to the eai'th and maintained at all. seasons of the year 
means an earth effect— an actual repulsion of the solar gases by the earth, aud not aipparently by the other- 
planets. 

While fully appreciating the absurdity of this idea we feel that tnere may be some justification for it 
in the apparent influence of the earth on the distribution of sunspots on the visible disk and of the 
prominences on the east and west limbs. That the earth exerts some sort of influence on solar phenomena 
which is not shared by the other, planets is ^.startling and perhaps incredible supposition, but the facts, 
which have recently been disclosed in this connection have not yet been esplained otherwise. 

There appears in fact to be no alternative to this earth-effect hypothesis/ at any rate with regard to 
the cyanogen shifts at the limb, unless we assume some cause for line shifts other than motion or pressure. 
According to the “ Theory of Relativity ” of Elinsteiuj the siin^s gravitational field should diminish the fre- 
quency of the light emitted, and the mean shift to the red ffound by ns at the centre oE the disk agrees very 
closely with the theoretical gravitational shift calculated by B. P, Freundlioh.* But the large variations of 
shift from line to line at the centre of the disk which depend mainly on intensity, and the constancy of the 
limb shifts for different wave-lengths are facts which would apparently offer serious difficulties to this- 
explanation. One of iis has found t that the displacement at the centre of the sun^s disk decreases rapidly 
with dep-th; it would presumably vanish at a depth a little lower tliaa that of the faint iron lines whilst -tlio 
gravitational force can only be slightly smaller than at higher levels and may, indeed, be larger. 

Summary.^The main results of this investigation and the conclusions reached may be briefly 
recapitulated in the following paragraphs : — 

(1) In studying the limb shifts it is considered essential to determine the total . shifts limb — arc 
instead of the relative shifts between limb and centre of disk as has been done hitherto. 

(2) The total shifts of 139 iron lines at the sun^s limb have been determined by adding the limb 

centre shifts to the centre — arc shifts, and also directly in some oases by measuring the limb — arc shifts. 

(8) The limb — centre shifts aud the centre — arc shifts are found to be related to the intensity of the 
solar lines in an opposite sense, the former decreasing as the intensity increases and the latter increasing 
at about the same rate. The total or limb — arc shifts are therefore approximately constant for all 
intensities. 

(4) The relation between limb — aro shifts and pressure shifts is discussed for all the lines with known 
pressure shifts. Grouping the lines into those more or less a-ffeoted by pressure and into different spectral 
regions, it is found that the more affected linos are much leas shifted than the less affected. This result 
is believed to be partly due to certain peculiar conditions in the aro which tend to rednoe the sun — arc 
shifts, and especially the shifts of those lines most affected by pressure. 

(5) Taking symmetrical lines only, which are presumably free from the disturbing effects of the arc 
conditions, there is found to be no difference of shift between groups of lines whose average pressure 
shifts differ in the ratio 1*6 to 1. This implies a pressure in the effective region of absorption at the limb 

equal to that of the air at Kodaikanal or f atmosphere, a result which may however be considerably modi- 
fied by further research. 

(6) The large shifts of the symmetrical lines at the limb, amounting to 0-015 A towards the red, 
cannot be due to pressure because, if so, the differential shifts of the lines more and less affected by pres- 
sure wouid be of an order of magnitude which could not fail to appear in the measures. Moreover the 
pressure hypothesis requires that certain iron lines should be displaced at the limb to the violet whereaA 
they are actually shifted to the red of their positions at the centre of the disk. 

• PhyaikaliBohe ZeitBohrift XY, 2, 1014. 
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In f Of the iron lines tend to increase toward 

the longer wave-lengths, the total shifts, limb - arc, remain remarkably constant when means are taken in 

in melLtn TT 17 ,^ f'" ^ V the 

symmetucal lines alone^ aad tells lieavilj against the pressure theory. 

that leveHjnm““‘'““^'i'’* f7 l™b - arc shifts for symmetrical lines of greatly differing intensity shows 

eTat d o levsTfor l"'’” 7 dotormining the limb shifts, if it may be assnmed that intensity is 

related to level for lines near the hmb as it appears to be for lines in snnspots on the disk. 

centreof Hmb relatively to the 

by p.essnie the shifts can only be explained by assuming a movement oi recession from the earth-a 

is irf o'oo^r" 7 t'" ' “0™“>0“t parallel to the solar surface at the limb. The total shift 

i&cibout OUOb A, indicating a recession near the limb of 0-62 km. per sec. 

(10) Tlie shifts of the iron lines, amounting, to a mean value of 0 015 A for the symmetrical linos, is 
mterpieted similarly as due to a recession of the iron vapour at the limb of about 1 km. per sec. A move- 
ment 0 recession from the earth at the centre and over the entire disk also follows. 

lines of ev-1^‘'" actually repelled by the earth receives some support from other 

affects tlil war’l / hypothesis is considered, namely, that the suids gravitational field 

the wave-length of the light emitted, in noeordanoe with Einstein’s Theory of Eelativity. 
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AN INVESTIGATION OF THE DISPLACEMENT OP UNSYMMB I'KICAL LINES UNDER 
DIFFERENT CONDITIONS OP THE ELECTRIC ARC. 

By T. ROYDS, D.Sc. 

Whilst investigating the suitability of iron lines as standards of wavelength^ St. John and Miss Ware 
found that in one of their photographs the wavelengths of lines ot" their group d were longer^ and oE group 
e shorter, than in other photographs and Goos has concluded that the wavelengths of certain iron lines 
vary with current, arc length and region of the arc also Fabry and Buisson detected shifts of opposite 
signs for the two kinds of un symmetrical lines when the current in the arc was increased -b I have been 
led to similar results in the course of a comparison of the spectrum of the centre of the sunks ' disc with 
that of the electric arc b In these experiments I found that when a short arc had been employed the 
solar displacements were for certain lines systematically, different from those when a long arc had been used 
for oomparison with the sun. li’his suggested a direct comparison of the centre of a short arc with the 
centre of a long arc, and it was found that the iron lines of group d and certain of group c (io., lines 
unsyrnmetrically widened towards the red) wore displaced in the short arc to the red, and the lines of group 
e (unsjmmotrical towards the vioiet) to the violet, whilst symmetrical lines were practically undisplaced. 

I he existence of this displacement a;£fecting almost exclusively those lines which are most shifted by 
pressure, seriously limits our means of estimating the pressure shifts in the sun. Also there is evidence 
tliat the wavelongtlis of the linos which are liable to undergo displacements are not normal even at the 
centre of a very long arc, for many of the solar displacements given in Table IX of Kodaikanal Observatory 
Bulletin No. XXXVIII are so hirge as not to be explained as due either to pressure or to motion in the line 
of sight. It is therefore of pressing importance to investigate the cause of the displacements which occur 
in different conditions of the eJcsctric arc, and to find a light source giving normal wavelengths for all classes 
of lines. 

'Jhxperimevital details. The spectrograph employed for this investigation has been described else- 
where . The third order .spectrum was generally used except for regions less refrangible than A 6800 for 
which the second order was used. The dispersion in the third order varies from O' 9 A per mm. at7\. 3950 
to 0-() A per mm. at X 5680. 

I he electric arc was supplied by a battery of 110 volts; the poles were vertical and an image, enlarged 
3^ times, was formed on the vortical slit of the spectrograph by means of a condensing lens. The comparison 
of the spectra from two different parts of tlje arc was made by means of an occulting screen sliding in front 
of the slit. The comparison spectrum was in every case the central portion of a long arc and was impressed 
on the photographic plate above and below a spectrum in the middle to be compared with it. Half of the 
exposure of the comparison spectrum was given immediately before exposing the middle spectrum, and the 
second half immediately afterwards. This guarded against the po.ssibility of shifts due to temperature 

(1) St. Jolin and Miss Ware, Astrophysiojil Journal, XXX JX, 5, 1913. 

(2) Goos, Astrophyaical Jonrnai, XXXVIl, 48, 1913 and XXXVfll, 141, 1913. 

■ G) and Buisson, Astrophyaical Journal, XXXI, 97, 1910. 

lb Boyds, Kodaikanal Observatory Bulletin No. XXXVIII. 

(■’) Bverslied, Kodaikanal Observatory Bolletln No. XXXVl. 
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ohauges or to meolianioal disturbances passing unnoticed. A graduated scale on the occulting screen enabled 
the length of the arc to be controlled. 

The atmosphere surrounding the are was air at ordinary pressure (580 mm. at the level of the Observa- 
tory) or at reduced pressure. For the iron and copper arc metallic poles vjrere used ; in the cases of other 
elements salts were introduced on one or both poles of a carbon arc. 

Investigation of Iron Linea.-lt was found previously that the displacements of the iron lines in the short 
arc were associated with the uusymmetrioal character of the lines ; lines widened more towards the red were 
found to be displaced to the red, and those widened more towards the violet to the violet, wliilst symmetrical 
lines were undisplaced. For the present purpose therefore spectrum lines may be classified as symmetrical 
(marked s in the tables), those widened unsymmetrically towards the red (marked ur) and those widened 
unsymmetrically towards the violet (marked uv). The study of the iron lines has been confined to two 
regionaof the spectrum, namely, W 536 5455 and 5555-5638; these regions include 7 symmetrical 

lines and 16 strong nnsymmetrioal Hues, 8 being widened more towards the red and 8 towards the violet. 

The measured displaoements of these iron lines under different conditions are given in Table I. 


Table I. — Dispiacbments of Iron Links in A/1000. 


A (Ro-vrlancl). 

!■ 

Oonfie of aro 
2 mms. long 
— Centre of 
ai’O 7 mms. 
long. 

Negative Pole 
— Centre (aro 
7 mmB. long). 

Positive Pole 
— Centre (aro 
7 mms. long. 

Negative Pole 
(ai-o 2 mms. 
long) — Centre 
(arc 7 mms, 
long) . 

2 

Positive Pole 
(aro 2 mms. 
Jong) — Centre 
(aro 7 mmfl. 
lone) . 

Cei 

at 

ar 

itre of arc 
mms. long) 
amps. 
Centre of 

0 (7 mms. 
long) at 
amps. 

1 

Centre of aro 
(2 mms. long) 
at amps, 

— Centre of 
aro (2 mms. 
long) at 

3^ amps, 

1 1 

ITo. of Photographs 

1 

, 7 

1 


2 


5871'784j (s) 

+ 

1 

"1" 

1 


0 

+ 

2 


0 


1 

+ 

2 

5S97-8Jt4 (s) ■ 


1 

. + 

1 


1 

+ 

2 


0 


0 


3 

fi406’989 (s) 


0 

+ 

1 


1 

+ 

1 


0 


1 

T 

. 2 

6429-911 (b) 


1 

+ 

1 


0 

a. 

1 


0 

* 

1 


0 

6484-740 (ra) 

+ 

1 


0 


0 

■f 

8 

_ 

1 

— 

1 

+ 

2 

6447180 <b) 

- 

1 


0 


0 

+ 

2 


0 


2 


4 

5456*884 (s) 

— 

2 , 


0 

— 

1 

■b 

1 


0 

— 

1 


2 

Mean (s) 

— 

•0004 A 

+ 

•0000 A 

— 

•0001 A 

+ 

■0017 A 

- 

•0001 A 

— 

•0010 A 

-f- 

•0004 A 

6393-376 (ur) 

+ 

4 


12 

_ 

1 

4" 

12 

+ 

2 


3 

+ 

8 

6o60*B4tt (tir) 

+ 

7 

+ 

10 

+ 

6 





+ 

8 



6678-076 (ur) 

+ 

8 

4* 

10 

-1- 

6 





■f 

O 



6576-820 (ur) 

+ 

10 

-H 

16 

+ 

6 





+ 

5 



6680-991 (ur) 

+ 

6 

+ 

11 

"i" 

8 





-1- 

3 



6603-186 (ur) 

+ 

6 

+ 

12 







,4- 

2 



6616-877 (ur) 

+ 

9 

+ 

10 

+ 

6 





+ 

2 



6624*769 (up) 

+ 

6 

+ 

11 

-1- 

8 





-I- 

1 



Mean (ur) 

+ 

■0009 A 


•0116 A 

-1- 

•0048 A 

+ 

•012 A 

-1- 

•002 A 

+ 

•0026 A 

+ 

■008 A 

6866'069 (uv) 


10 













6867-669 (uv) 


12 


12 

_ 

7 


11 


6 




13 

6870-166 (uv) 


8 

■ — 

11 

— 

3 


6 


4 



3 



9 

6888-678 (uv) 

— 

9 


13 

— 

8 

— 

9 


4 


6 


7 

6404" 867 (ov) 

— 

8 

_ 

12 

— 

5 

— 

10 

— 

6 

_ 

, 4 


9 

64)1*12^4 (uv) 

— 

10 


12 

— 

7 

— 

9 

_ 

5 


6 


12 

64l5'4l6 (uv) 

— 

12 

— 

12 

_ 

6 

- 

7 


6 


8 


14 

6424390 (uv) 

— 

12 

— 

18 

— 

6 

— 

. 7 

— 

fi 

— 

10 

' _ 

11 

Mean (nv) 


•0101 A 


•0121 A 


•0060 A 


•0084 A 

* 

•0060 A 


•0068 A 

— 

•0107 A 


It is seen from the table that only unsymmetrical lines undergo any notable displacement and these 
always in the direction of greater widening. How far this result is due to errors of estimating the correct 
position of the maximum intensity in an unsymmetrical line is discussed below. The largest displaoements 
occur in the region near the negative pole of the iron arc; at the positive pole the displacement is about 
half that at the negative pole. A considerable displacement is also produced by shortening the arc (as was 
shown for other lines in Bulletin No. XXXVIII) or by increasing the current through the arc. 

Fig. 1 of the accompanying plate is a three times enlargement of a portion of a photograph comparing 
the spectrum of the region near the negative pole with the centre of the arc and shows the different 
behaviour of the three lines \ 5888 (uv), \ 5393 (ur), and \ 5897 (s). 


85 


Intestigaiion of the Galcium Triplet near A, 4580. — Since the sun and arc comparisons detailed in 
Kodaikanal Observatory Bulletin No. XXXVIII showed that the solar displacements of certain lines of some 
elements were much more abnormal than those of the iron lines, it was to be expected that these lines would 
also give larger displacements under varying arc conditions. The calcium triplet at A 4580 was selected as 
being most convenient for investigation. In Table II are given the displacements measured using an arc 
between carbon poles on one of which a little calcium chloride had been placed. The displacement at the 
negative pole is greater than one-tenth of an Angstrom unit for each line of the triplet when the salt has 
been placed on the negative pole, and is not appreciably greater when the salt has been placed on both 
poles ; one photograph illustrating the displacement is shown enlarged 3 times in fig. 2 of the accompany- 
ing plate. The average displacement at the negative pole of the line A 4607’510 (due to strontium impurity) 
on the same photographs is -h 0-0004 A. 

Iahle II. Displacements or the Calcilm Triplet near A 4680 in the Carbon Arc in Aik. 


A (Rowland.) 

Negative Pole — Oentre 
(Arc 12 mma. long). 

Positive Pole — Centre 
(Arc 12 mms long). 


Salt placed 
on — polo. 

Salt placed 
on -p pole. 

Salt placed 
on — polo. 

Salt placed 
on + pole. 

Number of plioto- 
graphs. 

3 

4 

1 

1 

4r)78-7;PJ (ur) 
4581-576 (nr ) 
4586-04.7 (ur) 

+ 101 
+ 113 

126 

+ 51 

-j” 62 

+ 69 

+ 59 

+ 63 
+ 68 

+ 50 
+ 56 
+ 58 

Mean ... 

+ -113 A. 

+ -061 A 

-p ’063 A 

+ -055 A 


When the salt is placed on the positive polo only, the displacement at the negative pole is reduced by 
nearly one-half and becomes about equal to the displacement at the positive pole. For the positive pole 
the displacement is approximately the same on whichever pole the salt has been placed. The result that 
the displacement at the negative pole is greater when the calcium salt has been placed on that pole is 
of great importance in tracing the cause of the displacements. In order to keep the calcium content of 
the arc more constant tlian it is possible to obtain by placing a salt on the poles, the “ flame ” arc was also 
employed to produce the.se lines, tlie measnres being given in Table III. The displacement is of the same 
order as that when the carbon arc is supplied with calcium salt, and when the flame arc carbon is the 
positive pole and mi ordiiiuiry arc carbon the negative, the displacement at the negative pole is less than 
lialf that when both poles are flame arc carbons. 


Table III. — Displacements oe the Oalcidm Triplet near A 4580 in the “ Flame ’’ Arc in Air. 



Negative Pule — Centre (Arc ] 

5 rams. long). 

Positive Pole — Oentre 
(Arc 16 mms long), 

Centre of arc 
(6 mms. long) at 
9 anipe, 

— Centre of arc 
(6 mms. long) 
at 3 amps. 

A (Rowland ) 

Both, poles llame 
arc carbons. 

+ polo, Ilamo arc 
carbon 

— pole, ordinary 
carbon. 

+ pole, ordinary 
carbon 

— pole, flame 
arc carbon. 

Both poles flame 
arc carbons. 

+ pole, flame arc 
carbon 

-pole, ordinary 
carbon. 

Number of photo* 
graphs. 

4 

2 

2 

3 

2 

2 

4678-732 (ur) 

-b 128 

+ 49 

+ 77 

+ 59 

+ 57 


4681'676 (ur) 


+ 47 

+ 60 

+ 47 

+ 49 

+ 28 

4586-047 (ur) 

+ 137 

-f- 67 

+ 86 

+ 56 

+ 62 

+ 37 

Mean ... 

+ 132 A 

+ -051 A 

+ -074 A 

+ -054 A 

+ -066 A 

+ -033 A 


Displacements of the Galcium Triplet nearX 4580 in the Arc in Vacuor — The displacements of these lines 
in the flame arc in vacuo are very much smaller than in the arc in air, but they undoubtedly exist and 
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probably iinder all the conditions in which they occur in the arc in air. The displacement near the negative 
pole disappears at less than a millimetre from the pole so that if the arc bums into a cavity in the electrode 
the sh^t is not seen at all The displacements observed in the arc at about 8 oms. pressure are given in 
Table IV. The shift at the negative pole is about one-ninth of that in the arc in air, and there is a shift 
due to increase of the current strength. The largest displacement occurred when the region near the 
negative pole at 8 amperes was compared with the centre of the arc at 8i amperes; even then the mean 
displacement of the triplet amounted only to 0*024 A. These lines are probably very sensitive to pressure 

but since this did not vary more th^ a millimetre daring an experiment the displacements are not due to 
pressure. 


Table IV.— DispLACiiMijis op thb Oalcium Tbiplbt keah x. 4680 in the “Flame” Arc in Vacuo. 


A (Etiowland.) 

Negative Pole 
— Oentre of Aio. 

Centre of arc at 
8 ampe, 

— Centre of aro 
at 8| binpe. 

Negative Pole of 
aro at 7^ amps 
— Oentre of aro 
at 8^ hmpii. 

Namber of photo- 
graphs. 

8 

I 

1 

4578-782 (ur) 
468l‘&?6 (nr) 
4686*047 for) 

Mean ... 

+ 10 
+ 9 

+ 10 

+ -010 A 

+ B 
+ 5 

+ 6 

+ *006 A 

+ 28 
+ B 

+ 23 

+ -024 A 


niaplacementa and Phenomena near the Negate Tole of the Arc— The light from the neighbourhood of 
the negative pole is much more intense than that from the centre of the arc. When a oalcinm, or other, 
salt has been introduced into a carbon arc there can be seen near the negative pole a weU-defined region of 
intensely Inminons vapour extending more or less towards the centre of the arc according to the quantit7 of 
salt introduced ; at the positive pole there is a similar intense region less luminous and extensive. Even 
with the enlarged image of the arc projected on the alnmininm occulting screen in front of the slit, the 
intense region near the negative pole was very trying to the unprotected eye. It is in this intensely 
Inminoua region near the poles that the displabement occurs; in the parts of the arc outside it, though still 
distant from the centre, the displacement is very small compared with that in the parts within its limits 
A series of photographs of the oaloium triplet near X 4580 in the flame arc was taken comparing the spectrum 
of different distances from the negative pole with the apeotrnm of the centre of the arc. The length of the 
image of the arc was kept constant at 2 inches and the mean displacement of the two lines X 4678 and 
X 4686 were as follows 


Diatanoe from image of negatire pole 

1 mm. (inside intense region^ ... 

2 j> ( ij ,, ) ... ... 

9 „ (just on limit of intense region) 

16 ,, (outside intense region) ... 

26 ,, (centre of aro^ ... 


Diaplaoemeut compared 
with oentro of aro. 

+ 0*132 A 
+ 0*107 A 
+ 0-022 A 
+ 0*008 A 
(0*000 A) 


The results for the iron lines and the oalcium triplet near X 4580 show that to investigate the relative 
behaviour of speotrura lines it is sufficient to confine the experiments to a oomparison of the spectrum near 
the negative pole with that of the centre of the arc. It would take a long time to investigate the behaviour 
of all lines of every element, even of only nnsymmetrioal lines, but such a oourse is hardly neoessEwy in 
order to show the oharaoteristio features of the different types of lines and the displacement at the negative 
pole. Various types of nnsymmetrioal widening are met with even in the comparatively small number of 
lines whiob have been photographed. Some of the broad lines have large displacements, others small, 
depending on the amount of dissymmetry ; some lines have opa edge fairly sharp, , others have both edges 
diffuse ; lines which are comparatively narrow. may be yery nnsymmetrioal and undergo large displacement. 
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Tiie majority of the unsymmeti'ical lines investigated are widened towards the red, hut some were also 
chosen which are widened towards the violet. 

Table V contains the results for all the lines which have been photogra.phed. The second column 
quotes the character of the lines as given in Kayser^s tables chiefly from the data of Kayser and Range, 
Bxner and Haschek or liider and Valenta. The direction of nusyinmetrical widening can be seen in the 
spectrum of the region near the negative pole even of many lines whose character is not given by these 
authorities, but the most sensitive test is the direction of displacement. 


Table V. — Displacements at 


THE Negative Pole oe a long aec compared with the centre of the arc. 




Displaoemeut in A/1000. 



Displacement in A/1000. 

K (Rowland) 

c 

<u 

-4^ 

o 

Negative Pole-Oontre, 

0- 

Centre of 

A (Rowland.) 

CO 

•+3 

Negative Pole — Centre. 

o- 

Oentre of 



Unrevereed. 


o 

g 




O 

Eeversed, 

aro.f 


cB 

.n 

o 

Unreversed. 

Reversed. 

arc.f 

Aluuuiiiuiu. 





Oalcium (cont.) 





3944'1(J0 lu) 

... 

_j_ 4 

... 

H- 3 

4436129 

u 


+ 2 

+ 3 

3961-674 (s) 

... 

+• 4 

... 

+ 2 

4436'851 


... 

+ 2 

+ 2 

Barium. 





4454'953 

u 


- 1 






4456'794 

• •• 

0 

■+ T 

4239-01 (nr) 


4-111 



4627-101 (ur) 

UI- 

+173 


— 44 

ur 



4578'782 (ur) 


+ 101 


- 25 

4242-83 (ur) 

ur 

+ 57 



4581'575 (ur) 


+ 113 


- 24 

4264' 46 biv) 

u 

- 62 

... 


4586'047 (ur) 

ur 

+ 125 


- 30 

4283'27 (ur) 

ur 

-t- 11 

+ 10 


6857'e74 (ur) 

u 

H 111 



4291*32 (ur) 




6102-937 (ur) 


+ 170 

+ 21 

— 27 

4323 15 (uv) 

uv 

-157 



6122-434 (ur) 


+ 190 

+ 14 

- 24 

482ry88 (ur) 

... 

-p 64 

... 


6162-390 (ur) 


+ 233 

+ 16 

- 28 

4333-04 (uv) 

u 

- 24 



6169-249 (ur) 


+ 40 


4360-49 (ur) 

ur 

4-166 

+ 3 


6169-778 (ur) 


+ 4'2 



4359-80 (ur) 

... 

4- 48 





4467-36 (un 
4489-60 (uv) 

uv 

4- 50 
— 46 



Copper. 





4498'82 (uv) 
4506-11 

uv 

- 42 

0 


4631-04 (ur) 
4587 19 (ur) 

u 

+ 34 
+ 24 


... 

4623'48 (ui-) 
4525-19 (nr) 

ur 

4" 44 

- 11 





Iron §. 


4564'211 (b) 



0 

— 5 





4574'08 (ur) 

... 


+ 8 


4045-976 (s) 


0 


+ 9 

4579'84 (uvi 
4073' 69 (uv) 


... 

+ 10 


•1063 769 (s) 


— 2 


+ 7 

uv 

-118 


1071-908 (s) 
4325 939 (s) 


— 2 


+ 10 

4691 '74 (ur) 

... 


+ 4 



+ 2 


+ 12 

4700'64 On) 

ur 

+ 216 

... 


4883-720 (s) 


+ 1 


+ 8 

4,72G'(i3 (ur) 



4 14 


4404-927 (s) 


+ 2 


+ 7 

6063'33 (ur) 

. 1 

+ 87 

+ 21 





61irOI (ur) 

* . 

+ 39 

+ 14 


MagriHsiura. 





6141' 98 (nr, 

... 

+ 62 






Oalcium. 





4352-08.3 (url 

ur 

+ 75 

. . 






5167-497 (ur) 


+ 14 

... 

— 10 

3933'825 (s) 





6172-856 (ur) 


+ 13 


_ 7 

ir 

I'd) 

+ 2 


5183'7&1 (ur) 


+ 12 


— 9 

3957 '177 (nr) 

3968'02r, (h) 


- 2 


Sodium 





3973 '864 (ur) 

ur 

17 








4092'821 (ur) 

ur 

4107 



56S2'869 (ur) 

ur 

+ 321 F 

- 19 

— 127 

4283'16 ^ 



0 

+ 6 

6688-486 (ur) 

ur 

+ 392 ? 

— 19 

— - 144 

4289'525 (uv) 


- 9 

+ 1 

+ 10 

6I54'43S (ur) 

ur 

+ 523 


—• 81 

4299'149 (uv) 

... 

- 11 

- 2 

+ 6 

, 616'‘'956 (ur) 

ur 

+ 513 


— 79 

43''''2'()92 


... 

0 

+ 10 





4307 '907 (uv) 


- 11 

- 2 

Strontium. 





4818'817 (uv ) 

uv 

- 12 

2 







4426' 608 

u 

... 

+ 3 

+ 2 

4607-510 (s) 


+ 1 


+ 1 


* Fi’om the Tables in Kayser’s Handbuoli der Spectiroseopie, Vela, V and VI. 
t Prom Kodaikanal Observatory Balletin No XXX VIII. 

§ See also Table I, coltunn 


It is seen from the table that, as found from iron lines, whilst symmetrical lines undergo very small if 
any displacement unsyrametrical lines are displaced in the direction of their greater widening. Not a single 
exception to this has yet been met with ; of lines which were previously known, or are now found, to be 

^ Xayser, Handbuoli der Spectroscopie Vola. V and VI. 
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aJl are displaced (provided they are uareyersed) either to the red or to the violet aooordins 
to the doreotion ol uneymmetrioal widening. The fact ol the displacement being dependent on the on- 
symmetneal character of the line makes it eeeential to remove any possibility of donbt that the displace- 
ments are not due to errors of estimating the true meodmum of intensity of an unsymmetrioal line since 

the tendency of the error is probably also in the direction of greater widening. This point is discussed 
below. 

When an unsymmetrioal line is reversed at the negative pole the displacement of the reversal is 
much smaller than that of the unreversed line; in the case of the sodium pair ti. 5662, 6688 (both nr) the 
reversal is displaced to the violet. The significance of these facts will be discussed later 

The dependenoe of the shifts on the unsymmetrioal widening of lines seems to outweigh that on any 
other oharaoteristioB. For instance, the shift to the violet of the first subordinate series of barium is not 
characteristic of all first subordinate series but happens with barium since its aeries is unsymmetrioally 
widened towards the violet. Similarly the shift tends to increase as we pass down a seri,.. only because 
the unsymmetrical widening becomes greater. 

EealUy €f the Displacement of Unsymmetrical Zines.— The practice of dividing the exposure of the 
comparison spectrum into two halves, one before and the other after the middle strip of the photograph was 
exposed on the part of the arc to be investigated, has removed the possibility of fictitious shifts being 
undetected. A further safeguard has been the presence of symmetrical lines on nearly every photograph ; the 
fact that these lines suffer no displacement at once shows that the shifts of other lines are not spurious! 

The dependence of the displacements on the unsymmetrical character of the lines makes it necessary to 
consider very carefuUy the error which enters into the estimation of the portion of maximum intensity of an 
nosy mmetrioal line, for the direction of the error is probably in the same direction as the displacements found. 
The error of measurement of the position of maxium intensity of a broad unsymmetrioal line cannot be small, 
but it IS perfectly clear from the photographs reproduced in the accompanying plate that a real displace- 
ment exists whose magnitude cannot be considerably affected by any possible error of measurement. In 
figure 2 especially is this obvious, where the lines of the region near the negative pole stai.d quite clear of 
those of the centre of the arc, and similar oases aro frequently met with. In order to obviate as much as 
possible the false displacement due to errors of measurement, I have in the case of some of the iron unsym- 
metiuoal lines underexposed the widened lines until they appeared of the same width as those in the com- 
parison spectrum. Under these conditions it may be assumed that the degree of unsymmetrical widening 
would be the same in the two spectra and the errors of estimating the position of the maximum intensity 
would be the same in both oases. Nevertheless, the measnred displacement is still of quite the same order 
as in fully exposed photographs. 

It might be argued that the displacements are apparent only, being due to the complete absorption of 
one side of the unsymmetrioal line by the outer portion of the aro, leaving visible in the photograph really 
only a portion of the line apparently displaced^ ; on this view the emission fine from the inner portion of 
the aro, as well as the absorption line from the outer regions are supposed, if it were possible to isolate them, 
to be undisplaced. In the sodium pair Xk 5682, 5688, the absorption line can be seen under proper density 
conditions to be almost at the very edge of the emission lino, and it is easy to conceive of a case a little more 
extreme in which the absorption line actually reaches to the edge leaving only one component of the emis- 
sion line visible. The argument might conceivably hold for some cases but it cannot apply to the majority. 
It must be remembered that the displacement can be made, by choosing the proper portion of the are, to 
have any value from zero up to the maximum observed at the negative pole, and the smaller displacements 
occur with the line so broad that any undisplaced absorption line must be visible. Indeed so far from 
having to suppose an absorption line not shifted, the actual absorption line observed in reversed lines 
is in many cases displaced, a fact which disposes of the hypothesis. 

The possibility of anomalons dispersion in the arc must also be oonaidered. It is oonceivable that at 
the negative pole, for example, there is a density gradient sufficient to cause wavelengths on each side of 


^ Bxner and Hasohek believe this to be possible (Die Spekbren der Blemente bei Normolem Dmok, Vol. I., p., 28.) 
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the absorption line, for wbioh the refractive index would be abnormal, to be refracted out from the direction 
of the condensing lens and missing from the spectrum. There are, however, several facts against the 
anomalous dispersion hypothesis. Firstly, it fails to account for the displacement of uiireversed lines, 
feecondly, for some of the lines widened unsymmetrically towards the red, the displacement of the reversal 
is to the red (e.p., the calcium lines 6102, 6122, 6162) and for others to the violet {e.g., the sodium lines 
XX 5682, 5688) ; these cannot be reconciled by the hypothesis. Thirdly, the unsymmetrioal lines undergo 
large sun- arc displacements whose signs are opposite to those of the displacements at the negative pole; 
the existence of an anomalous dispersion band in the apparent absorption line does not assist in any way 
in explaining these shifts. 

There is also the possibility of the displacement being due to the enhancement of a satellite on one side 
which blends with the principal line to produce apparently a single line displaced. A satellite is known to 
exist for example, on the red side of the calcium line X 4586 shown in fig. 2 ; but to account for the greatly 
varying displacements which can be obtained in different portions of tbe arc, we must suppose that not 
only is the satellite enhanced until stronger than the principal line, but also is itself displaced. Besides, 
many lines known to be single are displaced. 

The Oause of the Displacement of Unsymmetrioal Dines under different conditions of the Electric Arc.' — In 
Kodaikanal Observatory Bulletin No. XXXVIII, I have sug'geated that differences of density are the cause 
of the displacements between the short and the long arc, and presumably, between the sun and the long 
arc. There is now a considerable amount of evidence to elucidate tbe origin of the displacements under 
different arc conditions, and density is the only cause which can explain all the phenomena. Very signifi.caiit 
are the following facts : — 

(a) Vfhen the current strength is increased, thus increasing the amount of vapour in the arc, the 
lines aie displaced in the same direction as at the negative pole. With an iron arc of 2 mms. length 
doubling the current strength 2:)roduced a mean displacement of — 0*011 A for seven lines unsymmetrical 
towards the violet or nearly equal to that between tbe negative pole and. centre of tbe long arc for tlie 
same lines (see Table I) ,■ with an iron arc 7 mms. long doubling the current strength did not, from the 
appearance and sound of the arc itself, produce nearly so great a difference in the ra,te of production of 
vapour and the displacement was smaller. Increasing the current in a ^‘^ffame^^ arc 6 mms. long also 
produced a displacement of tho calcium triplet near X 4580 of + *033 A. 

(h) 'Che displacement of the calcium triplet near X 4580 at the negative pole is larger 
when the salt has been placed on that pole than when on the positive ; with the flame arc the displacement 
at the negative pole is larger when both poles are flame arc carbons or when the negative pole only is a 
flnme arc carbon, tha,n when the positive pole only is a flame arc carbon. 

(c) When an unsymmetrical line is reversed at the negative pole, as frequently is the case, the 
displacement of tbe reversal is much smaller than would be expected in an nnreversed line of the 
same degree of unsymmetrical widening. There are many cases, such as the calcium triplet XX 6102, 6122, 
61,62, which are reversed in one photograph (calcium salt placed on the poles) and uiireversed in another 
(sodium salt with oalciiini impurity placed on the poles) ; the displacements of the emission lines of the 
triplet in the latter average + 0’]98 A and of the absorption line in tbe former + 0*015 A. 

(d) Take the example of tho sodium pair XX 5682, 5688. As mentioned previously, the revorsEil of 
these lines appears under certain conditions of vapour density, almost at tho violet edge of the lines. The 
reversal is so far to the violet that tlie niaxiinum of the emission lines appears quite undisturbed by the 
absorption, as has been observed by Duffield in the case of certain iron lines under pressure ^ and by 
others ; on this assumption the emission line at the negative pole is displaced by + 0*36 A, an amount 
not inconsistent with the solar displacement. Whether the displacement is so great as this ma,y be 
doubtful, but it is at any rate practically certain that the displacement of the emission line for lines so 
ob^'ionsly nnsyinrnetrical towards the red is to the red. It is, therefore, important to note that the reversal 
is displaced by ■ — 0*01 9 A, that is to the violet, of the line at the centre of the arc or in tbe direction opposite 
to that of the emission line. 


^ Dnffield, Phil. Trans. Boy. Soc. X. 208, 111, 1908. 
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■(e) The displacements exist in those parts of the arc where the lines are widened and are greatest 
where the widening is greatest. The cause of the displacement may be the same as that of the widening 
i.e., either density, temperature, or some electrical effect such as ionisation, but the effect of increasing the 
quantity of material in the arc on the width of lines is so obvious that this is probably the chief cause. 

The explanation of the reversal phenomena on the density hypothesis is obvious. The vapour in the 
outer regions of the arc is of low density (and low temperature) and therefore produces a narrow absorption 
line superposed on the broad emission line due to the vapours of high density (and high temperature) in the 
inner regions. The displacements of the absorption line attbe negative pole will therefore not be so great 
as that of the emission line, and may, when the density of the absorbing layer is smaller than that at the 
centre of arc (which gives the comparison spectrum), be displaced in the opposite direction. 

The fact, that the shift at the negative pole is greater than that at the positive, implying greater 
density of vapour there, may be explained as due to the metalUo ions, which would carry a positive oleotrio 
charge being carried over to the negative pole by the electrical field. • 

There may be other hypotheses brought forward to explain the displacement of unsymmetrioal lines, 
the most important of which is pressure. The iron lines which undergo displacement under different 
conditions of the arc, are those which have large pressure shifts, and the directions of displacement are 
those which would result from an increased pressure in the arc due to a sudden production of vapour at the 
poles. The amount of pressure required to produce the observed displacements can be calculated, as is 
done in Table VI. It is altogether inconceivable that pressures of 8 atmospheres above atmospheric can 
be produced locally in the arc buiming in free air at atmospheric pressure. 


Table VI. — PeBSSURB NEGEBSaRT to eRODUCB the measured DlbPLAOSMENTS. 


Line and olement, - 

Displacement at 
Negative Pole. 

Pressure shift 
per atmosphere. 

Pressure neces- 
sary to produce 
displacement. 

6i02'l 

0122 yCa 


0'1»7 A 

+ 

-024 A 

, . 

8 2 atmospheres 

6162 J 





above atmo- 
spheric. 

1 6082 1 XT 

1 6«8sr‘* 

■ . +■ 

0-36 P A 

+ . 

*056 A 

6*& atmospheres 
above atmo- 






spheric. 

g^gjNa (absoiption'iineB) 

■ — 

0-010 A 

■r 

*056 A 

0*36 atmospheres 





below atmo* 
spheric. 





+ 

•009* A 

8 '8 atmospheres 



j 



above ntmo* 

4581 On 

+ 

■034 a| 

1 

+ 

•022 1 A 

spheric. 

1*6 atmospheres 

' 


•oil A ^ 



above atmo- 
spheric. 

Fe nr lines 

+ 

+ 

*022 A 

0*6 atmospheres 






above atmu- 
sj'lierio. 

Pa UT lines 

— 

'012 A 

— 

*017 A 

0*7 atuiOBphries 






above atmo- 
spheric. 


• Acoording to HurnphifeyB. t Aocordiii!» to Duflield. 


The effect of pressure would be to displace all lines, whereas it has been found that symmetrical lines 
are not systematically displaced either one way or the other. 

The faot of absorption lines at the negative pole having smaller displacement than the emission lines 
could also be explained as due to lower temperature of the outer regions of the arc, instead of to lower 
vapour density. The temperature hypothesis does not however explain the other phenomena, for example 
the displacement due to increase of current density or to shortening the arc. 

Ionisation effects may be present in the arc, and in the explanation given above it is not impossible 
that for the phrase “density of vapour,” “density of ions” should be substituted, for in the arc the two 
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are indistinguishable since practically the whole of the vapour will be ionised. The former is more proba- 
bly the cause of the displacement, and the point can perhaps be tested in furnace spectra. 

There is no difficulty in accounting for a density effect on wavelength. Soon after the announcement 
of the pressure shift Schuster pointed out the importance of determining whether the shift was dependent 
on the total pressure or on the proximity of molecules of the same nature, i Many observers have tried to 
detect the effect of the latter but generally with negative results. Exner and Haschek however did find 
an effec;t but their conclusions have not gained universal acceptance.^^ The probable reason why negative 

results have been obtained IS that most spectral lines are symmetrical and therefore show no displactmelt 

due to dens^y. So iar as my experiments go it appears that the displacement of symmetrical lines nnder 
pressnrersdae selely to the total pressnre of the snrrounding atmosphere, bat there is as yet no direct 

evidence as to whether the displaoemont of nnsymmetrioal lines mider pressure is dae entirely to increased 
■density or partly to the increased total pressure. 

The intimate relation between the nnsymmetrioal character of speotrnm lines and their density displaoe- 
men IS of great importance in the theory of the vibrations of elections within the atom and of the mutual 
influence of inoleenles due to their proximity. Whatever theory is put forward of the origin of speotrnm 
ines and of then- displace, nonts mast be able to explain not only the displacements of nnsymmetrioal lines 
11 piessure and density to the red or to the violet according as the widening is towards the red 
o t e violet, hut also the absence of a density effect on symmetrical lines for which a pressnre effect exists. 

^ Omsequm.c.n of he dmnty qffoci on other investigations of the desplaement of spectrum lines and 
rnvesUgaUons of u,avelengih stnmiaris.-Xt is necessary to consider whether the existence of the displace- 

fcom'rt electric arc do not affect the conclusions drawn 

^ployed to 

The pressnre in the reversing layer of the snn can be estimated by comparing the relative snn-arc 

displacements of the hoes most and least affected by pressnre. The linos most shifted by pressure 
however are comprised almost entirely of nnsymmetrioal lines, and since these liims indLgo sh2 
m liin the arc itseJ, the sun - arc displacomouts can be varied at will ocoordiiig to the part !f tlil are 
eo'e, :oi comparison with the sun. It was shown in Kodaikanal Observatory Bnlletin No XTYVITT 
that even n the centre of very long arc, tin, conditions producing the shifts in daer rparte 

whether they he density or not, still do not approach those in the L. So Ion. as th 

aio IS used for oompariHou with the sun, nnsymmetrioal lines must, for the present ho left out of "t 

altogetlier in studying the pressnre displacement in the sm, rncid i ^ ^ ' “““ 

pressure in the reversing layer at the level of the iron lines is about threeTn»trrs^o”t™^^^^^^ 

the pressnre at the limb is probably not much greater than this." atmosphere and 

Also, the arc is the source which has been chiefiy e'mploved for fho in-woci+irv.nf £ 
ments. and similar considerations will apply. The arc does not always burn weU mi’Zr 1.^1™' " 
practical impossibility to keep the arc conditions identical with those for the ce • ^ * 

to length or as to the nortioTi nF fTia o-w n* i c n ' compaiisoii spectrum either as 

of astigmatic spectrogLphs may not hoIoTmport™” It 

pressnre displacement of the na.symraetrioal lines does not turn out to^TnUrT supposed 

ments which occur in different narts o-F thp -n-r. . + + j. ■» partly due to the displace- 

triplet XX 6102, 6122, 6162, is displaced by 0-] 08 ATf^r knowing that the oalcinrn 

we cannot ignore the possibility that the sb t f tf of the arc, 

unless it is shown that special prLutions h! b""" ,T displacement 

entering the spectrograph. *“ of -c from 

1 Schuster, A<»trophysioal Journal, III, 292 1896 ' ~ ’ — 

- and Die Spefctren d« mlo^ente iei .lormalem Druck Vol I 

... l.„r son, aio' .d. .nd V.leala, nsnept,.,,.. ,,,, 

' Rojds, Kodaikanal Obnerratorj Bulletin No XXXTIII 

Kvershed and Royds, KodfiilfiTini ni,c a x „ d ’ 

y . ciaiifanal Ohservatory Bulletin No. XXXIX. 
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Preasnre displacements have also been ^investigated in the furnace. ^ The same pressure producer 
much larger shifts in the furnace spectrum than in the arc, and since this is true for symmetrical as well 'as 
for unsymmetrical lines, density effects, which do not displace symmetrical lines, fail to account for it. 
Nevertheless there is a difference between the behaviour of symmetrical and unsymmetrical lines. The 
following Table VII, compiled from the data of Gale and Adams ^ for the iron arc and of King ^ for the 
furnace, shows that the ratio of fumaoe displacement to arc displacement is considerably smaller for the 
iron lines unsymmetrically widened toTvards the red, than for symmetrical lines. This fact can be explained 
if the arc under pressure has been short or the exposure made on a region near the poles, for either of these 
would cause the shift of the unsymmetrical lines to be larger than the true pressure effect. 


Table VII. — Compafison op peessube displagbments oP Ibon lines in Fubnace and Arc. 


Begion. 

XX 4063—4461 
\\ 5227-0341 


Ratio 


fornaco diaplaoement at 9 atmoaphe^t»B. 
arc displocementi at 9 atmoepheres. 


SymmetncaJ lines. 

2*48 (26 lines) ... 
1'97 (7 lines) ... 


Lines nnsymmetrioal towards the red. 

1'49 (5 lines). 

'r*87 (2 lines). 


Although these experiments were not directed to the determination of standards of wavelength they 
have an obvions bearing on the choice of light source for standard lines. It does not seem necessary to 
abandon the arc in air so long as symmetrical lines are chosen as standards, but with this source it cannot 
be expected that independent experimenters will get sufficiently concordant results for unsymmetrical lines 
on account of the great sensitiveness of these lines to density effects. The arc in vacuo is better for unsym- 
mstrical lines but is not sufficiently convenient for ordinary usage, 

What we shall consider as the light source giving " normal” wavelengths for unsymmetrical lines is 
entirely arbitrary but is of importance when we wish to interpret the displacements in heavenly bodies 
such as the sun. We have now at least three causes of displacement of spectrum liues : — (1) motion in 
the line of sight, (2) pressure, and (3) density. It is desirable to eliminate the density shift since we have 
at present no means of estimating it quantitatively. Whether the aro under reduced pressure or the 
furnace will prove the more suitable source for comparison witb tbe snn is a matter for investigation. 

Teat of unaymmetrical character . — The presence of displacements at the negative pole is a simple and 
powerful means of testing the unsymmetrical character of spectrum lines if we can assume the generality of 
the rule that only unsymmetrical lines are displaced and these in the direction of their greater widening. 
In the aro at ordinary pressures the unsymmetrical widening in most cases is not so obvious that its direction 
is evident j the displacement at the negative pole is, however, generally sufficiently large that the direction 
of displacement can be at once seen by inspection, although in some oases it would be necessary to measure 
the displacement. Consider the case of the copper line X 4678. In the arc at atmospheric pressure this 
line is so diffuse that it is quite impossible to say whether it is unsymmetrical or not ; but supposing that 
it were important to learn its character for deteriuining its series relationship or other reason, the fact 
that its displacement at the negative pole amounts to +0‘024. A would show that it is unsymmetrical 
towards the red, hut that the dissymmetry is not great in proportion to the width of the line since the 
copper line \ 4531 comparatively narrow undergoes a larger displacement. This conclusion as to the 
character of the \ 4578 line is in agreement with that found by Duffield ^ in the arc under pressure. 

The method is not so sensitive for lines which reverse at the negative pole since the displacement of 
the reversal is generally small. As however the unsymmetrical character is in the case of reversed lines 
easier to detect owing to the reversal not being central, this limitation is not very serious. 


1 King, Astrophyeioal Journal XXXIV, 37, 1911 ; XXXV, 183, 1912. 
3 Gale and Adams, Astrophysioal Journal XXXV, 10, 1912. 

King, Astrophysical Journal XXXIV, 87, 1911. 

* Duffield, Phil, Trans. Boy. Soo. A. 209, 205, 1908. 
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SUMMARY. 


1. Wjien tlie spectrum, oE tlie regiou of tlie arc near the negative pole is compared witli that of the 
centre, the unsjmmetrical lines are seen to be displaced in the direction of their greater widening ; i.e,, lines 
widened more towards the red are displaced to the red at the negative pole, and those widened inert* 
towards the violet are displaced to the violet. Symmetrica,! lines have very Hma.ll displacements if they 
are really displaced at all. The displacement amounts to over one-tenth of an Angstrom unit for 18 lines 
examined, a number which could probably be easily multiplied by extending- the invt^stigation to other 
elements and regions of the spectrum. The largest displacement yet measured is 0'52 A, for tlie sodium 
pair Xk 6154, 6160. 

2. There is a displacement in the region near the positive pole of about half the magnitiule of tha.fc n.t 
the negative pole. 

3. A displacement of the same sense as that at the polos is producod ii.t tlu' centre of tli© are b}’ 
increasing the current, or by shortening the arc. 

4. The displacement at the negative pole is reduced if only the positive jiolo Is supplied with tlio 
material producing the spectrum. 


8. Displace., .ents ocoar in the arc in raouo also, Imt to a much sii.allor oxtunt than in tin, arc in air. 
The arc m vacuo is therefore the better aonree for the deterniination of atanihirclB of W!i,v..hiiii'tli inni for 
comparison with the sun’s spectrum. 

6. When a line reverses in the region near the negative pole the displacement of the reversal i.s nmeh 
smaller than that of the unreversed line, but is generally in the .sumo direction ; in (,1m case of very 
nnsymmetrical hues such as the sodium pair XX 5682, 5688, the displaconumt of l.lio idisorptinn lino is in 
the opposite direction relative to the line at the centre of the a.rc. 

the snechtnr^Th'^^ displacement is shown to be increase of vapour dmisity of tho material producing 

a elttrt the cli,splacementB observed is too largo to bo ontertained 

as exiting m the arc in air and other possible hypotheses have also to ho rejected. 

the IditLTor^'rxplLnLt 

demitvlr 'i>:'«y«>n.etrical wi.h.aing. and tl.e ,li»|.laoo,n„„tH d,,., t„ incrcis,-.! 

electrons in too ato,u. “ unportanec lu the tl.eory „f those shifts an.i „[ the vil,r,ui„n« ,,f the 

linos) to tho genera?: the .d 

widening. ^ linos are displaced in 61,0 ,lire,.tion „f tlndr gnsdev 

has boen^d'TZcnld,' "f 'U^phie-Mneuts in wl.ioh the a,.,, 

A.A?:iali;?:?h37so:“ “r? «• a,,,,,, d. Nagamja 
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Fig. 1.- IRON LINES, 
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Fig. 2. CALCIUM TRIPLET near A 4580, 
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SUMMARY OF PROMINENCE OBSERVATIONS POE THE FIRST 

HALF OF THE TEAR 1914. 

Tlie distribution in ktitnda of the prominenoea observed dariiig[tlie six months ending June 30, 1914, 
is represented in the accompanying diagram. The full line gives the mean daily areas, and the broken 
line the mean daily numbers for each cone of 6 « of latitude. The ordinates represent tenths of square 
nmintes of arc for tho full line and numbers for the broken line. The means are corrected for partial or 
imperfect observations, the total of 1V5 days being reduced to 158 effective days. 



The mean dally areas and daily numbers for each hemisphere corrected for partial observations are aa 
follows 




Areas, 

Numbers, 



Square minutes. 


North ... 


1'44 

11-10 

South ... 


1*49 

11-08 



Total ... 2-93 

22-18 
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^ There was a distinct recovery of prominence activity during the period. Both areas and numbers show 
increase compared with the year 1913, the areas being about 20 jjer cent, and the numbers 15 per cent. 
greater than the corresponding figures for the first half of 1913. The increase affects practically all 
latitudes up to 60® north and 60® south and has even slightly affected the quiescent polar regions. The 
distribution in latitude was very much the same as in the previous six months but the northern maximum 
in the zone 40® to 60° was very much more pronounced in 1914. 

^ The striking feature in the area curve in the southern hemisphere is the very conspicuous peak in the 
region 40° to 45® fsJling steeply on the pole side and somewhat more gently .towards the equator. 

The monthly, quarterly, and half-yearly frequencies and the mean height and extent are given in the 
following table. The frequencies given are corrected for partial observations. 


Abstract for the first half of 1914. 


MoutllB. 

Number of days of 
observation. 

Number of 
prominenoeB, 

Mean daily 
frequency. 

Mean height. 

Mean extent. 

Total. 

PSeotive. 

. January ... 

< 1 1 

81 

28 

679 

242 

ft 

28-7 

O 

1'20 

Pebraary ... 

itt 

28 

27 

648 

24-0 

261 

1'12 

SfaTob. 

*** 

81 

29 

668 

22-6 

26*6 

0-90 

April 

1 1* 

80 

29 

701 

24-2 

26*6 

1-04 

May 

1 i 1 

29 

, 26 

491 

18'8 

29-6 

1’42 

June ... 


26 

19 

342 

18-0 

28-8 

1'48 

Pirat quarter 


00 

84 

1,980 

28 6 

26<4 

1-07 

'Second quarter 

... 

86 

74 

1,684 

20-7 

28*0 

126 

Pirat half-year 

... 

176 

168 

3,614 

22-2 

20-6 

1-16 


^ Tie inoreMe of frequency and of area during the d monthe compared with 1913 is slightly discounted 
by a reduction in mean height, viz. from 29"*2 in the corresponding period of 1918 to 26"’5 in 1914. The 
mean extent is sensibly the same as in 1913. 


prommenoea 60" or more in height wae also smaller, being only 295 as against 884 in 
fte first-half of 1918. The average was 1-9 per diem. The general reduction in height was also evident bv 
the restively smaU number of very taU prominences ; only 8 prominences were recorded reaohing a heieht 
of 180 as agamst five exceeding 180" in the first-half of 1913. ® 


Distribution east and west of the sun’s axis. 

The period nnder consideration shows a preponderance on the western side, partionlarly in the ease of 
the areae. The numbers show an eastern preponderance in the first three months and a western in the 
second three. The distribution was as follows : ' 



1914 January to June. 

East. 

■ . ' ■ ■ 1 

West, 

Feroentage east. 



■ NumbBTS observed ... ... 

•.ITotel areas in square minutes of arc ... 

1,789 

220-0 

1,776 

24S‘4 

49'49 

47-47 

■ ■ 
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Metallic prominences, 

Five only were recorded during fche 6 months^ particulars of these are given in the following table :■ 


Date. 

Time, 

I.S.T. 

Base. 

Latitude. 

North. 

South, 

1914. 

H. 

M. 

0 

0 

0 

January 10 

9 

42 

... 


11 

17 

8 

66 

2 


68*5 

April 6 

8 

38 

1 

... 

46 

„ 12 

9 

28 

1 

24-5 


„ 12 

8 

58 

1 

80 

... 


Limb. 

Height. 


// 

E 

... 

W 

15 

w 

63 

w 

30 

Vl^ 

15 


Elements giving 
bright lines. 


® 2 , bi, 1)2, bj. No pro- 
minence but ehromospbero 
very bright over about 1“. 
Di) bj, b2, bg. 
bi, ba, k- 

II 2 ) bi, b2, bg, bji,. 

Di, Dz) b], bg, bg, bjt. 


The last two were associated with the very active spot group in latitude 28° N., longitude 72°. 


Displacements of the hydrogen lines. 

The general increase of activity in 1914 is shown by the displacements of the 0 line of which 144^ 
have been recorded as against 87 in the corresponding period of 1913. 

Particulars of these disturbances are given in the following table : — 


Displacements op 0 line in peominenceb — January to June 1914. 


Date. 


Time. 

I.S.T. 

Latitude. 

Limb 



North. 

South. 

1914. 

January 4 


II. 

8 

M. 

43 

0 

0 

86-6 

B 

» 6 


9 

64 

..4 

12 

E 

„ 9 


9 

22 

*•« 

80 

W 

1j 


9 

49 

«••• 

67-6 

W 

„ 11 


8 

62 

*■* 

86 

E 

„ 12 


9 

53 

. . . 

84-5 

1 

91 99 


9 

41 

«*• 

84‘5 

W 

9> 99 


9 

41 


84 

W 

99 9) 


9 

20 


84 

w 

„ 18 


10 

10 

62-6 


B 

99 99 


9 

18 

. . , 

22 

W 

» 6 

• » « 

9 

33 

48 

* •! 

B 



9 

53 


71-5 

E 

9* 99 


9 

66 


80 

E 



8 

68 

70’5 

• *4 

W 

99 99 


8 

67 

78 


W 

» 16 


8 

45 

*•» 

83-6 

E 

» 17 


8 

66 

• • • 

68-6 

W 

99 99 


9 

7 


68-5 

w 

99 99 



• 

... 

68-6 

w 

„ 18 


9 

21 


72'6 

w 



9 

3 

66*6 

t4l 

w 

» 20 


9 

21 

»«« 

28 

w 

„ 21 


9 

16 

43 

, , . 

B 

99 99 


9 

29 


26’6 

E 



8 

38 

83 


w 



8 

88 

84 


w 

„ 28 


9 

87 


67*6 

B 

„ 24 


10 

6 


68-6 

B 



8 

41 

,,, 

77-6 

B 



9 

66 


79-6 

W 



9 

52 

*.• 

74 

w 



9 

83 

57-6 


w 

„ 2Q 


9 

0 

67-6 

»•. 

E 

27 


9 

6 

84 


1 



8 

31 


48”6 

B 



8 

80 


495 

E 



8 

26 


69-5 

B 

„ 28 


9 

29 

... 

78-5 

W 


Amount of displacement. 


Eed. 


Violet. 


Both ways. 


Remarks. 


Blight. 

Slight. 

I 


1 

Slight. 


1 

1 

Slight. 

Slight. 


2 

1 

1 


Slight. 


0-6 

Slight. 


Slight. 

Slight. 


alight. 


Slight. 


6 


] 


1 

1 


Slight. 

0*6 


Slight. 

Slight. 

Slight, 

Slight. 

Slight. 

1 


0-6 


0-6 



Sh'ght, 

Slight. 

Slight. 

Slight. 


Slight. 

Slight. 


Not seen at 9** 68m. 


Not seen at 9'' 20m, 
Not seen at 9^‘ 41m. 


The displacements were in two 
different places over the- 
prominence. 
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DispIiAObments of C line in PBOMruBNOBs — Januabt to June 1914 — cont. 


Date. 


Time, 


Latitude. 


Limb. 


Amouut of displacement. 



l.B.T, 

North, 

South. 


Bed. 

Violet. 

Both ways. 


1914. 

H, If, 

O 

Q 


A 

A 

A 

January 28 

8 62 


64-6 

W 


Slight. 

1 


II ••• 

8 52 

... 

64-6 

w 

Slight. 

] 

II 

l> •“* 

9 20 

... 

29 

w 

1 

1 

II 

II ••• 

9 20 

... 

29 

w 

1 


] 

11 

80 

9 2 

84 

63-6 

E 


Slight. 


If 

11 

8 88 


B 

1 


>1 

» 

9 12 

... 

82 

W 



Blight. 

>1 

II 

9 16 

... 

64*6 

w 

Slight. 


11 

11 ••• 

0 22 

64*6 

80 

w 

Slight. 


11 

81 

8 62 

47-6 

E 

Slight. 


» 

>1 

9 88 


E 

0-6 



II 

II •• 

9 41 

... 

68-6 

E 


Blight. 


rehruary 1 

8 28 


28-6 

E 



Slight. 

II 

II ••• 

8 13 

... 

83 

W 


Blight. 

II 

II • • • 

8 12 

... 

78*6 

W 

Slight. 

Slight, 


II 

8 

10 10 

.. 

12 

E 



II 

II ••• 

10 18 

... 

78-6 


Slight. 



II 

II 

10 22 


82 

E 

0-6 


)l 

If • • • 

9 8 

• •• 

88-6 

W 


Blight. 


II 

4 

8 40 

83 

84 

w 

Slight. 


1} 

6 ... 

8 42 

67* 

B ■ 

Slight. 



II 

8 

8 22 


W 

Slight. 


» 

11 •»* 

9 0 


11-6 

w 


1 


II 

IS ■«» 

9 0 

... 

11-6 

w 

8 


j 

II 

11 

8 24 

88" 

68-6 

w 

Slight. 



II 

18 

9 4 

81*6 

E 

Slight. 



II 

IS 

8 88 

• •4 

W 

1 


II 

16 

9 88 

Bquator. 

E 



Slight. 

II 

20 

8 67 

81 

.«• 

E 


2 

II 

II ••• 

a 81 

• •• 

78 

W 

1 



II 

II 

21 

II 

8 18 

8 4 

80 

70 

... 

E 

E 


1 

SHgbt. 

II 

11 ••• 

8 6 

61 

... 

E 

Slight. 



II 

II ••• 

8 19 

46-6 

... 

W 

Slight. 



II 

22 

a 40 

62 

... 

B 

Slight. 



II 

II 

9 26 


41-6 

W 

Slight. 


II 

23 

9 80 


78-6 

w 


0-6 


II 

„ 

10 0 


70-6 

w 



Slight. 

II 

25 

8 39 

78 

*« . 


0-6 


11 

II ••• 

8 84 

71*6 

... 

E 

Slight. 



If 

1| 

8 29 

60 

... 

E 


Sligh t. 

II 

M 

8 62 

... 

77 

E 

0-2 



» 

26 

8 44 

... 

79-6 

E 


Slight. 


March 

2 

9 16 

49 


E 


Slight. 


II 

SI 

8 68 


81-6 

W 


Slight. 


11 

II 

8 58 


82 

W 

2-6 


II 

11 ••• 

9 26 

76*6 


w 


Blight. 


M 

6 

9 41 

79*6 

... 

HiiH 


2 


11 

II ••• 

8 41 


66 

E 


0-2 

I 

II 

IJ 

8 88 

*■« 

77-6 

W 

0-2 



II 

II *»• 

9 9 

78 

76-6 

w 



Slight. 

II 

8 ,., 

0 7 


w 

0-6 


II 

II 

8 86 

70 

7 b ‘5 

w 


Slight. 


II 

9 

9 2 


w 


0-5 


II 

12 

8 28 


67 

. w 


Blight. 


n 

14 

8 84 

... 

74-6 


3 0 








0*6 



II 

•1 

8 88 


76-6 



1-6 


II 

15 

8 46 

.It 

16 

w 

Slight. 



11 

17 

8 66 

18 

... 

E 

1-6 


11 


8 67 

18 

i.t 

B 

0-6 


II 

19 

8 19 

49-6 

..f 

W 

0-6 



1| 

22 

8 68 

81-6 


E 



Slight. 

11 

II 

8 89 

68 


W 


1 


Bemarks. 


Shifts at different parts of the 
prominen oe. 

Not seen at 0^ 16m, 


Not seen at 9^ Bm. 


Slightly bulged out both ways, 


Disappeared in a few seconds. 


0 was symiuetrioally widened in 
the chromosphere to the north 
of this prominenoe. 

Shift found over the whole pro* 
minenoe. 


Shift gradually increased, but 
disappeared at Qh 46’o. 


Not seen at 9h 49^. 


Displacement at top of promln* 
enoe. 

Displacement at base of promin> 
enoe. 

Disappeared in a fow seconds. 


At top of prominenoe. 
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Displacements of 0 line in prominences — January lo June 1914 — coni . 


Date. 

-is 

Latitude. 

Limb, 

Amount of displacement. 

Noi'th. 

South. 

Red. 

Violet. 

Both ways., 


1914. 

H. 

M. 

0 

0 


A 

A 

A 

March 

22 

8 

39 

68 


W 

0-5 



>> 

27 

8 

44 


62 

E 

0-6 




9) 

8 

48 


73-5 

W 


Slight. 


J) 

99 

9 

9 


28 

W 

1 



99 

9 

7 

2i 


W 



Blight. 

>? 

9> 

8 

58 

78 


W 

Slight. 



28 

9 

30 

73 


W 

1 



30 

8 

38 

26 


E 


1 


)> 

99 

8 

88 

26 


B 

1-6 


1 

-April 

1 

8 

41 

41-5 


B 


0'6 


}> 

99 ••I 

9 

15 


si'-'s 

W 

Slight. 




6 

8 

.38 

... 

45 

W 

1 


>f 

12 

9 

28 

24" 5 


w 



0-6 


99 

9 

2 

30 


w 


3 


J5 

13 

8 

22 

67-S 


E 

Slight. 



J3 

16 

9 

14 

71-5 


E 

Slight. 


J> 

99 

8 

35 

... 

4.1 

B 


Slight. 


99 •*. 

8 

64 


68-5 

W 

2-6 


?? 

16 

8 

1 

54 

31 


, E 

06 



}9 

17 

8 

37 

80-6 

. « • 

B 

Slight. 



» 

19 

8 

33 

... 

2 

E 

Slight. 





8 

26 

36-5 

83 

B 

Slight. 



22 

8 

48 


B 


0‘6 




8 

26 

... 

32 

E 


Slight, 


>» 

)> »*« 
25 

9 

8 

2 

21 

•M 

28 

74-5 

W 

E 


0-6 

Slight, 


99 

8 

14 

... 

41 

W 


0-5 



26 

8 

59 

... 

22 

w 


1 


>» 

29 

9 

20 

26 

42 * 

E 

Slight. 




„ ... 

9 

26 

... 


E 

... 

Slight. 


•May 

1 

8 

36 

, , , 

64 

E 


0-5 


39 

99 

8 

30 


79*6 

W 


1 


39 

10 

8 

28 

68 


B 

06 


99 


7 

57 

• •t 

ai-'s 

W 


0'6 


99 

12 

8 

51 

... 

68 

W 


Slight. 


93 

99 

8 

26 


45 

w 


1 


99 

25 

8 

25 

6i-5 


E 

Slight. 



June 

99 

2 

13 

9 

9 

24 

33 

17 

75-5 

... 

B 

B 

Slight. 


Slight. 

J9 

9) 

17 

jj 

8 

8 

80 

29 

63 

... 

W 

w 

1 

Slight. 

99 

28 

8 

48 

70 


B 


Slight. 



Remarks, 


At base of prominence. 


At top of prominence. 

0 displaced to red in many 
places near this position at 
9>i 52m. 


At base of prominence. Dis- 
appeared at 65m. 

Not seen at 6m bat was seen at 
9^ <Ii4]n when the amount of 
displacement was 1‘0 A. 


Not seen at 8'' 67m, 

There appeared to bo a mass of 
dark hydrogen in front of the 
prominence obscuring the 
central part of it. 


At base of prominence. 


Over whole prominence. 


Bulged out slightly both ways. 


At top of prominence. 


As is usually tlie case, at any rate at times of sunspot minima^ the largest number was found in 
high latitudes between 60° and the poles where 85 were observed j 31 were recorded in mid-latitudes between 
-30° and 60 , and 28 in low latitudes between the equator and 30°, Sixty per cent, of these disturbances 
were in the southern hemisphere. 


The distribution east and west of the sun^s axis shows a slight preponderance on the west side, the 
figures being 71 east and 73 westj a proportion which is the same as that found for the prominences. 

There is a preponderance of displacements towards violet in this series of observations, 66 being 
■displacements towards violet, 61 towards red, and 17 in both directions simultaneously. 

The greatest displacement recorded was 5 angstroms towards violet on January 17 in a prominence at 
latitude - 68 W. This prominence was not visible at 8^ 52“^ I.S.T., but was very bright at 9^ 02”^ showing 
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tte sodium and magnesium lines brightj it rapidly increased in height from 85'' at 01^02“ to 140" at 9^ 22™ 

at 9^ 50™ it had disappeared. The displaced portion of the line was entirely detached from the undisplaced 
line. 

Reversal a and dia'placementa of the C line on the ddah. 

^ Forty-seven reversals of the 0 line were observed in the neighbourhood of sunspots. These also 
curiously enough show a preponderance west of the central meridian, 29 being west and 18 east. Thirty- 
eight displacements were recorded, of which 20 were east of the central meridian. Twenty -four displace- 
ments were towards the red and only 11 towards violet and 8 in both directions simultaneously. 

The spots of March 81 to AprU 12, latitude + 28°, and April 27 to May 8, latitude + 18°, were especiallj 
active in producing reversals and displacements of the hydrogen lines. 

ProTfiinencea projected on the dish as ahsorption marhinga. 

Owing to the use of the large Miohelson grating for other work no photographs of the sun's disk in 

Ha light were obtained. A new grating has been ordered and it is hoped to continue the records when this 
has been received. 

A very conspicuous absorption marking was photographed in calcium light on five days from April 9 
to April 18 inclusive. It was in latitude + 45° to + 64° and crossed the central meridian on April 13. 

The Obsbbyatobt, Kodaikanai., 

16th Auguat 191U, 


J. EYERSHED, 

Ihreotor, Kodaihct/nal and Madrda ObaervatorieSi 
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i^oUat^aital #^ls>erbatorg♦ 

BULLETIN No. XLII. 


REPORT ON THE CONDITIONS FOR ASTRONOMICAL WORK 

IN KASHMIR. 

It has been the universal experience at all mountain observatorieSj and perhaps to a less extent at 
observatories situated near sea-level^ that the best time of day for steadiness of seeing for the sun is during 
the first few hours after sunrise, when the atmosphere is cool and calm. Later in the day the definition, 
becomes so bad from unequal heating of the air and local ascending currents of heated air that all photo- 
graphic work is usually suspended, and it is very rarely possible to follow up the interesting changes that 
may be going on in sunspots or in prominences from hour to hour. Spectroscopic and spectrograph ic 
work, which is now of supreme importance in the study of the sun is even more seriously hindered by 
these adverse conditions. 

During ’a visit to the Valley of Kashmir in August and in October 1913 the observing conditions for 
solar work were found to be extraordinarily good. Contrary to all previous experience in other localities,, 
the definition of the sun was found to bo of the best quality throughout the day and on all the days that 
observations were made, there being apparently no marked variations depending on the height of the sun 
above the horizon, nor upon the type of weather prevailing. Prom the first hour after sunrise to the last 
before sunset photographic and spectrographic work of the highest excellence would have been possible. 
The higher valleys were visited in September, ascending to about 12,000 feet, but the definition was found 
to be not so good as in the main Valley. 

It may here be explained that the Valley of Kashmir is a nearly level plain extending for about 80 
miles in a north-west and south-east direction, with many smaller side-valleys opening into it from, the 
surrounding mountains. It is about 15 to 20 miles in width and is completely enclosed by high mountains. 
The Pir Panjal chain of peaks on the south-west side rises to 15,000 feet above sea-level, whilst the moun- 
tains on the north and north-east side exceed 20,000 feet in some cases. In spring and early summer a 
complete ring of snow-covered peaks is visible from the centre of the valley. The plain is elevated above 
sea-level 5,200 feet at Srinagar. The alluvial soil is highly cultivated, and there are numerous water-waj^s 
and irrigation channels as well as the broad and placid Jhelum river flowing through it. The plain appears 
to have been the bed of a lake, and there are still large masses of water near the north-west end, such as 
Wular Lake and the Dal and Anohav lakes. Owing to the protection afforded by the surrounding moun- 
tains the air within the valley is extraordinarily tranquil, and high winds are very exceptional. 

Observations made with a telescope or field-glass of terrestrial objects such as distant mountain peaks 
indicated by the remarkable clearness of vision the unusual tranquillity of the air, and small objects from 
50 to 100 miles distant could be examined with a powerful astronomical telescope with very littlo' 
interference from atmospheric tremors. The observations of the sun appeared to show that the Valley qf 
Kashmir might offer very exceptional opportunities for solar research, if the conditions found in Auguk 
and October were fairly representative of the whole year. 

With a view to testing the conditions during other months of the year, and also to make more 
critical observations with larger instruments, an expedition to Kashmir was sanctioned by Grovermnent in 
April 1914, and the result of the work done during this expedition is the subject of this Report. 
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Before starting for Kaalimir, tlie following scheme of operations was arranged 

(1) A series of photogiraphs of the sun was to he taken at Elodaikanal during March and April wuhli a 
S-inoh photoheliograph specially arranged for the work. The instrument was then to he transported to 
ICashmir, and a second series of photographs taken under identical instrumental conditions. The definition 
of the photographs obtained would give a good comparison of the average seeing ” at the two stations. 

(2) Oritioal observations of the definition of the sun were to be made with a 4^-inoh visual telescop® 
at different hours of the day and on as many days as possible while in Kashmir. 

(3) Sunspot spectra and prominences were to be observed with a grating spectroscope, whenevor 
possible, in order to see how such observations would compare with those habitually made at Kodaikanal. 

(4) It was planned to test the definition of stars and planets with the 4i-inoh telescope. 

(6) It was considered desirable to spend part of the time in touring in the Kashmir Yalley and 
neighbouring hills, to discover the limits of the good conditions which prevail, and to test the infiuenoe of 
■different local conditions on the seeing. 

Instrumental Outfit . — The principal instrmnents taken to Kashmir include the following ; 

(1) A 3-iuoh photoheliograph constructed for the work at Kodaikanal. 

(2) A polar heliostat adapted for use with the photoheliograph. 

(3) A 4i-inch equatorial telescope by Grubb, kindly loaned by Dr. Walker.* 

(4) A grating spectroscope for use with the 4^-inoh telescope. 

(5) A 8-inoh portable telescope. 


Itikhrabt. 

The personnel of the expedition consisted of the writer, Mrs. Bvershed, and one servant. Mrs. Everslied 
had had considerable experience of the kind of work in Kew Zealand, where she had become expert in 
■estimating the quality of the seeing by projecting the sun's image on a screen. EndeaYonrs were made to 
secure the services of , a photographic assistant in Srinagar, but no one qualified for the work could b© 
•obtained. 

The expedition reached Srinagar on May 3, and observations of the sun were begun with the portable 
telescope on May 4. The heavier instruments were not received until May 7. While making the necessary 
arrangements in Srinagar we received valuable help from the Assistant-Eesident, Major James, from Rai 
Bahadur Dr. Mitra, Home Minister for Kashmir, from the Governor of the State, who provided us witb a 
general order to all officials of the districts to be visited to render every assistance, and from the Motamid 
Durbar. Dr. A.rthur Neve of the Mission Hospital, Srinagar, also gave valuable advice. 

A doonga was hired, and all instruments and stores put aboard, and on May 11 we started on a pros- 
pecting tour up the Eiver Jhelum as far as Islamabad, observing the sun from the river hank at various 
localities. A very convenient site for a temporary Observatory was found about 10 miles out from Srinag-ar 
near the village of Pampur. This was a small grass-covered hillock about 100 yards from the river bank 
rising some 20 feet above the general level of the plain. On this, most couvenieutly arranged for our 
work, were some foundations of an abandoned building with stone walls about 3 feet high, and plenty of 
building materials lying near. A very small amount of masonry work was needed to adapt these walls 
for mounting the polar heliostat, which had to he raised above the ground about 7 feet in order to refleot 
the sun downwards at the correct angle. 

The photoheliograph was fixed on a heavy plank built into the wall, and a 10 by 10 feet tent was 
pitohed over it. A small dark room was built adjoining the tent for developing plates, etc. Another tout 

pitched near and adapted for use as an Observatory, the 4:i-inch telescope being mounted inside. By 
. ^ portion of the tent the tube of tbe telescope could be directed to the sun through the opening, anql 
j^i^S Yiade inside the tent. The most satisfactory method was to project a large image of the sukl 
^ diameter on to a white screen placed in tlie semi-darkness of the tent. Spectroscopic 

The views of the solar surface obtained in this way wer© 
Mm^te spots or pores which were estimated at to V' of arc in diameter could fee ; 


chauges studied from hour to hour, whilst sunspots of any considerable size were^ 
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The telescope was erected on May 1 8, and detailed visual work was started on that day. A continuous' 
record of the state of the seeing had however been made from May 4 with the 3-inch portable telescope. 
The photoheliograph was in operation on May 22, and numerous photographs were obtained with it until. 
June 3. On that day the camera and plate holder were dismounted and modified in such a way that they 
could be attached to the 4^-inch telescope, in order to obtain photographs of portions of the solar disc,, 
including sunspots, on a very much larger scale than was possible with the photoheliograph. The performance 
of the 4^-inoh telescope on the sun was so good that it appeared worth while to attempt photography with 
this telescope notwithstanding the fact that the colour-correction of the object-glass was for the visual rays. 
The photographs with this instrument would be comparable with those taken on the same days at Kodaikanal 
with the 6-mch photo-visual telescope, although the theoretical resolving power is less in proportion to the- 
diameter of its object glass. 

To adapt the visual telescope for photography, the component lenses of the object-glass were separated 
about 3 mm. to achromatize the rays more perfectly between Gr and F of the spectrum. It was then neces- 
sary to limit the light affecting the photographic plate to the spectral region between G- and F, that is to cut^ 
out the whole of the violet and ultra-violet, which would not be perfectly focussed. This was accomplished 
by the use of two coloured absorbing screens of optically worked glass, a deep green and a yellow. An 
ordinary eye-piece of considerable power was used to project a large image on the plate, which was placed 
in a whole-plate slide attached to the end of the camera-box which fitted to the draw-tube of the telescope. 
A Kodak exposing shutter taken from a pocket camera was attached inside the camera-box and immediately 
behind the eye-piece ; this was sot to give the shortest exposure or 1/100 of a second. The rubber tube of 
the pneumatic release passed through a hole in the camera-box so that the bulb was accessible from outside. 
The small finder telescope attached to the equatorial was used to project an image of the sun on a 
marked screen in order to determine exactly when the snnspot to be photographed was central in the 
camera. It was a matter of no small difficulty with a telescope unprovided with clock driving to hit off 
the exact moment for making the exposure and at the same time avoid disturbances due to the wind shaking 
the telescope. 

With this apparatus, notwithstanding the difficulties of manipulation, a very good series of photographs- 
was obtained of a fine spot-group visible between June 7 and 21, using Imperial Lantern plates. 

On June 20, having obtained a satisfactory series of visual and photographic observations, both of the 
day and night definition, the Observatory camp was placed in charge of the official chowkidhar of the village- 
of Tengan, and we started on a tour to various localities to teat the influence of local conditions on the definition 
of the sun. During this tour observations with the 3-inch portable telescope were made at a large number 
of stations in the valley and in the mountains, the route clioseu being from Awantipur on the Jhelum river 
to Traal, and thence over the Bugmar pass to the Lidar valley, ascending this to an altitude of 11,000 feet 
at Zojpal. Eeturning from the high elevations, the Jhelum river was reached again at Bijbihara and the 
journey continued by river to near Awantipur and thence by two marches across the valley to the foothills 
of the Pir Panjal range near Komu. These last marches gave us an opportunity of testing fche definition- 
in the midst of vast stretches of wet rice cultivation, and also on low hills of about 200 feet elevation 
above the general level of the valley. Prom Eomu the plain was re-crossed diagonally hack to Pampur, the 
observing camp being reached on July 8. After a few further observations with the 4i-inoh telescope the- 
whole equipment was packed and transferred to the doonga, and the expedition reached Srinagar on 
July 13. 

After arranging for the transport of thio heavy baggage to Eawalpindi, a further set of observations 
was made with the 3-inoh telescope across the level plain to the north-west of Srinagar and up the hills to 
G-ulinarg. Here a stay of two days was made and the Assistant Eesident and the Home Minister were 
again visited. On this visit to G-ulmarg we were accompanied by Professor Ohowla of the Govern- 
ment College, Lahore, who was on a holiday tour in Kashmir and who kindly assisted us in many 
ways. 

The programme of work being completed, we started on July 19 on the return jjourney to Kodai- 
kanal. Madras was reached on July 25, and a few days were spent in inspecting the observatory, Kodaikanal 
being reached on July 30. 

l-A 
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OWationa mth the S-inoh portable teleaoope were oontinuea after arrival for some weeks in order to 
■estimate the aoler definition by the same method as had been adopted in Kashmir. 

Ebsultb. 


It may be stated at onoethat the remarkably favourable oonditions discovered in 1913 in Auenst 
and October have been found to be maintained also durinff the months of May Tnn= . .i t i n ;7 ® . 

a. .1,1. .m"r 

^.9 feyoDiBble. Ow^ to tto protolono. tl olond dnriogtlio ™tor, oboartaliono to Dooootbw' J.noot. 
PeWry wonU be limited ,in number, althongh in all probabiUty ezceedingly good in quality^ 
The qnahty of the seeing was estimated by adopting a rongh scale of fl™ (Synyi! • i.- i. , Y Y 

■S-inch solan image projected on the screen attached to the portable telescope. Seeing l and^wouH hi 
useless for photographic work, except of the roughest kind for determining approximate snot Isitio^s It 

pXt:zfm“o“:t'"^^^^^ - a sirio^:r:om^‘ 

mean"r:f ^re :::: Tzz 1 ri- 

periods, morning, midday, and evening, the following interesting result is obtateed ® 

Befrwoen 6 a.m. and 11 a.m. average seeing 

„ 11 A.M. and 3 p,M, „ _ ^ ® 

,v 3 p.m:, and 6-30 p.m. , ” '** •••4 2 
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The better quality of seeing at midday or a little after noon had often been nn+ina/q i • • -i 

the 4i-inch telescope, and it appeared as if the best definition, often classed as 6 when eltaafeg mulh! 
smaller telescope, oocnrred between 2 and 8 pm Aa tbp i. j.- unatmg with th« 

t^ th.»e taken at midday cr in the afternoon, lie general mean is W Zt:Urh\r 
observations been evenly distributed through the day. wouia nave been had the 

pother remarkable feature is the constanoy of the good seeing from day to dav This i. ,• i, j 
contrast to our experience at Eodaikanal, where the variations are m marked 

apparent change in the type of weather prevailing. ^ ^ ’"*>*»“* “J 

In the Kashmir Valley the worst seeing recorded was 2j and this occurred on nnW fb 
. these was an observation made dnring a temporary break on a very wet day • another 

■6-30 P.M. On the third oooaeion the day was fine, with seeing estimated at 2 dnring thl” 

mg to 8 in the afternoon. This was the Only fine dav on wbiel, rl,. ^ ® morning, improv- 

on all fine days it ranged from S to 5 according to the time of day and aUo te^o”* = 

looaKty for it was foond that the very finest seeing was obtained when the wZoTd T 

areas of wet onltivation, as near the entrance to the Lidar vaUsv or near Roma ^ 

the Dal lakes near Srinagar. , or on some email islands on 

These islands were visited on June l3, and from the Sona Lankh in the Bod Dal *>,. • 

mated aa from 4i to 5 oontinnonsly between IJ a.m. and 3 p.m. From this Maud Z 
practically contmuousfor about Si miles to the south orsouth-east andtbftr« ^ 
marges to the south-west. No doubt this fact contributed “bZrVZt 

^:: 9 f distnrbanoes in the lower strata of the air by contact with the sun-heated soil or Z s f ^ ° 

. fonnd that no pstrticnlar advantage was gainedhv tbr loir fini r sZ®' 

stretoh ont into the plain from either side of the valley. The i 

‘'-® ™® fi^ds. On the Takht-i-slZZm XT” ^ 

' aMiaS S£3>¥°. ‘^bMtseeing was estimated at 4i and the worst at S dnri'J ’’ T® * 

A^bdepgy toward poorer seeing as the snn rose higher in the skvV “'“““ 5 ' tjierb 
tbpSut ® SPSS'S seems to be alw^y^; 
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country is intersected with, irrigation cliannels. At higher elevations up to 11,000 feet at Zojpal the valley 
becomes very much narrower, with steep rocky sides and much snow on the higher slopes. Here the seeing 
was decidedly less good, although the average for all the observations taken in the Lidar Valley is as high as 
■3*4. 

At G-nlmarg at an elevation of 8,800 feet in the Pir Panjal range on the south-west side of the main 
valley, observations were much impeded by cloud, but in the clear hours the definition was found to be dis- 
tinctly inferior to that in the valley, The general result of our experience at high elevations in the mountain 
•ranges on either side of the main valley tends to show that, while the conditions are good over the whole 
region traversed, local air currents set up in the high valleys among steep inclines with more or less bare 
rock surfaces injure the quality of the solar definition to a marked degree ; and in addition to this there is a 
much greater tendency to cloud and mist among the hills than in the level plain. At night the definition 
of stars was generally exceedingly good at the higher elevations, but was not so constantly good as appeared 
to be the case in the valley. 

The night definition of stars, etc,, was studied at Painpur and at other places in the main Kashmir 
Valley. With the 3-inch telescope it appeared to be perfect when the star’s zenith distance did not exceed 
•60° on all occasions but one. With the 4|-inch equatorial telescope star-images were usually perfect at zenith 
distances up to 50° or 60°, the diffraction pattern appearing like an engraving and sliding with an absolutely 
uniform movement across the field of view (the telescope was not provided with clock driving for following 
the diurnal movement). A very slight undulation was on some nights perceptible, and at low elevations 
below 20° altitude slow and regular undulations were always visible. The definition of the planet Jupiter 
was nevertheless very fine when* only about 10° to 15° above tbe horizon, the undulations being of such a 
nature as not to interfere very seriously with the visibility of fine details on his surface. These slow undula- 
tions were also always present when observing the sun during the first hour after rising or the last hour before 
setting. 

As regards the cloudiness in the main valley, our observations at Pampur, Srinagar, and other places 
show that 50 out of the 61 days spent in the valley were clear sunny days, 7 were partially clear, and 4 
completely overcast. Since the parbially fine days were available for photographing for at least one hour in 
each day, there were 57 days, or 93 per cent, of the days in which excellent photographs could bo obtained. 
Twenty-five of the 50 fine days were practically without cloud from sunrise to sunset. As a rule the sky was 
beautifully clear and of a deep blue oolour, but there was a tendency to the formation of high cirrus clouds 
towards afternoon ; also on two occasions in June observations were very much impeded by thick dust haze 
from the Punjab, This latter was the worst type of weather experienced from an astronomical point of view, 
but it was fortunately of short duration. 

Comparison op Ehsults at Kodaikanal and in Kashmir. 

At Kodaikanal the seeing was estimated with the same telescope and by the same method as was used 
in Kashmir, immediately after returning to head-quarters. There was a great deal of interruption from 
cloud owing to the prevalence of the south-west monsoon, and the seeing varied a good deal from day to 
day, ranging from 1 to 3, the mean for the month during the hour between 7-30 and 8-30 a.m. being 2’1. 
In the middle of the day on two occasions when it was possible to see the sun it was no better than 1. It 
must be remembered that the six months May to October inclusive are generally unfavourable at Kodai- 
kanal^ July and August being the worst months when good definition is unusual even at 8 a.m. During the 
■other half of the year it would be better, and might be estimated at 3 to 4 at 8 a.m,, rarely reaching 5 
After 8-30 a.m. the definition falls off rapidly, so that the mean for the whole day, even at the best season 
of the year, would not exceed 2. 

So far as is possible therefore to estimate numerically^ the definition at the two stations, it may bo 
■stated approximately that the mean seeing at Kodaikanal for the whole year would hardly reach 2, whilst 
that in Kashmir Valley would probably slightly exceed 3*9. The number of days when the seeing ranged 
between 4 and 5 would be very much larger in Kashmir than in Kodaikanal. ; 

The photographs of the snn s disc obtained with the 3-inch photoheliograph at Pampur at different 
hours of the day are all .good and show the sun’s limb sharply defined, whilst most of the Kodaikanal plates 
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abow the limb poorly defined^ Only one of this series appears equal to a Kashmir plate. The average- 
definition for March and April in Kodaikanal is therefore not nearly equal to the average for May in Kashmir 
idthough March and April are favourable months in Kodaikanah and the best hour for photographing was 
chosen. 

The series of photographs of sunspots obtained during June with the 4^-inoh telescope at Pampur, was 
compared with the series obtained on the same dates at Kodaikanal with the 6-inch photo-visual telescope. 
Although the Kodaikanal plates are mostly of good quality not often excelled even during the most favour- 
able months of the year, they do not bear comparison with the Kashmir plates taken with improvised 
apparatus under considerable diffi-oulties and a smaller optical power. The Kodaikanal plates of course were 
taken during the most f avonnable hour of the day, whilst the Kashmir plates were taken at any time the sun 
happened to be visible ; and those taken in the morning, near midday, or in the evening, are all equally 
good. 

The photographic work therefore entirely confirms the visual and indicates the enormous possibilities, 
of progress in the study of solar physios which an observing station established in Kashmir Valley would 
present. 

The spectroscopic observations in Kashmir, as was anticipated, were entirely satisfactory. In sunspot- 
spectra the clear definition of umbra and penumbra, showing radial motion effects, and in the prominences 
the marvellous detail visible, impressed one with the splendid possibilities for photographic work. 

As regards the cloudiness at the two stations, the sunshine records show that the mean annual number 
of hours of bright sun is practically the same at Kodaikanal and at Srinagar, viz., about 2028 hours. Tie* 
distribution throughout the year is however different, for at Kodaikanal the winter months are the clearest, 
and in Srinagar those months are the cloudiest. But iu estimatiug the relative suitability for solar work 
account must be taken of the faot established by che observations at both stations that at Kodaikanal not 
more than one hour in six of bright sunshine is available for photography or for detailed speotrosoopio; 
study, whilst iu Kashmir at least 5 hours out of 6 would be available — a very conservative estimate would 
give four times the opportunity for work in Kashmir as compared with Kodaikanal, and in addition th^ 
quality of the material which could he secured at all times in Kashmir would be equal to the very best that 
Kodaikanal earn produce on occasions when the definition is really good. One of the greatest difliculties 
experienced in Kodaikanal is the constant interruption of critical photographic work, due either to clouds 
which tend to cover the sky after 10 a.m., or if clear to had definition. This involves wastage of photo® 
graphic plates, as a considerable proportion of those taken have to be rejected from faults entirely outsidS 
the control of the observer. In recent years the work at the Observatory has become much more exacting 
in its requirements, and in order to obtain speotrographic records for measurement and study a complicatei 
series of operations has to be performed, and the large expenditure of time involved is often wasted 
when, as so frequently happens, the operations are interrupted in the middle by adverse atmospheric 
conditions. 


Q-e»beaIi Oonolusions. 


The comparison of Kodaikanal with Kashmir brings out forcibly the disadvantages of a monntahi 
station, especially as regards definition. Hitherto it has been considered by astronomers that the poor -miA 
day definition was inevitable and unavoidable, hut careful observations made by me both in Kashmir am 
New Zealand has proved that this is by no means the case ; and if one may judge by pubHshed spectrq 
heliograms even the low-lfevel observatories of Mendon and Terkes are able to secure far better middafj 
photographs than Mount Wilson or Kodaikanal. With regard to Mount Wilson andMeudon M. DeslandrI 
remarks;— 

L 'Observatoire du Mont Wilson, sitn^ snr une or6te 61ev6e, doit souffrir des grands conrants i 
convection que la chaleur solaire d6veloppe dans les valines voisines ; et, en fait, les images solaireB n’y sd| 
bonnes quo le matin et le soir, A rObservatoire Lick, oil les conditions locales sent les m^jnes, les im$0 
solaires, sent consider des comme mauvaises. Pendant la unit, d’autre part, an Mont Wilson comme a Liil 
les images stellaires sent magnifiques etremarqnablement oalmes. 


107 


L ^Observatoire de Meudoa, situd sur un petit plateau, a cles images bonnes surtout le soir, et aussi 
>parfois pendant la journde, le ciel efcant clair on plutot l^gerement brumeux.”* 

At Koclaikanal there is a very obvious daily convection current, rising from the sonthern and eastern 
•slopes o£ the mountains and evidently due to the strong heating of these slopes and precipices by the 
morning sun. Although the Observatory is situated some two or three miles from the declivity it does not 
escape from the bad efEeots of this current of hot air ; for not only is definition ruined soon after 8 a.m., 
but also masses of cloud are continually forming and dissolving and re-forming in the immediate vicinity 
of the sun, which renders photographic v/ork extremely difhcult after 10 a.m., even if possible at all. This 

■ condensation occurs at all times of the year, even in the dry season. 

Perhaps the chief advantage of a high-level observatory is the freedom from dust haze, and certainly 
the air of Kodaikanal is remarkably clear; but as regards practical solar work the advantage of this is 
somewhat illusory, and at Kodaikanal it is nullified by the prevalence at all times of the year of high thin 
cirrus clouds, which have a strong tendency to form immediately over the mountain mass, leaving the sky 
over the plains quite clear. The diffusive and white sky due to this condensation at a great height is of 

■ course inimical to most speotographic work, although it is not necessarily injurious to definition. 

Long experience of solar research work has convinced me that the main factor which should be 
considered in selecting a site for a solar observatory is the character of the seeing. All other considera- 
tions are of minor importance. Mountain tops have certainly proved a great disappointment, and the reason 
for this is now clear ; it is equally clear that far better conditions exist in some localities. Probably an 
observatory near sea-level and on tbe sea-coast would experience better average seeing than one situated 
on a mountain. There is a uniformity of temperature conditions over the sea, and an absence of convection 

■ currents, which is extremely favourable to good definition. Sir John Herschel observing the sun at the 
Cape of G-ood Hope, says : — 

What is not a little remarkable, in the hottest days, looking northwards over the burning tract 
intervening between Peldhausen and Table, or Saldanha Bay, the most admirable and tranquil definition 
• of the solar spots, and other phenomena of the sun^s disc, is by no means unfrequent. In such cases, I 
presume the strongly heated stratum of air incumbent on the surface of the soil, is swept off by the 
; south-east wind blowing from False to Table Bay, before it ascends high enough to interfere with the 
visual ray.”t 

My experience in New Zealand and at Perth in Western Australia shows that in calm weather with a 
sea-breeze blowing, almost perfect definition may be observed at midday near the sea, however hot the air 
may be, and it was for this reason I selected a site for the Cawthron observatory ou the low hills near the 
coast at Nelson. Many more imposing sites on the mountains inland were tried, but the definition at high 
elevations, although better than at Kodaikanal, was found to be far less good than near sea-level ; and 
there can be no doubt from the general purity and blueness of the skies at Nelson that work of the very 
highest excellence could be carried out at the site chosen. 

In India a solar observatory near sea-level would not be practicable, on account of the great heat, 
which would make the work extremely difficult and trying, except perhaps in the so-called cold weather 
season ; but in Kashmir there is the very unique advantage of a temperate climate and considerable 
■elevation above sea-level combined with the extraordinary atmospheric tranquillity in the enclosed valley. 


* Aimales de L’ObaerTatoire d’Astronomie Physique de Paris. Tome IV, p, 48, 
t Cape Observations, Introduction, par. XIX. 


Kodaikanal, 
'22nd September 1914. 


J. EVBRSHED, 

Director, Kodaihanal and Madras Observatories. 
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BULLETIN No. XLIII. 


THE DIFFERENT OHAEAOTBR OF SPECTRUM LINES BELONGING TO 

THE SAME SERIES. 

BY T. EOYDS, l).$c. 

It lias been generally assumed that the spectrum lines belonging to the same series are similar in 
character, and in behaviour under varying experimental conditions. Indeed the similarity in sharpness or 
diffuseness, or in the direction of un symmetrical widening, has been a valuable aid in the detection of 
series relationships in spectra. If, for example, the strong lines of a series were nnsymmetrically widened 
■ towards the red, the continuation of the series would be looked for in lines widened in tbe same direction, 
the widening beoomiiig greater as the higher members were readied. It is therefore of considerable 
importance to note that there is at least one well-authenticated series in which the character of the lines 
changes in the course of the series. This is the first subordinate " triplet series of barium, whose ' lines 
are given in Table I, column 5. In this series the first members {W 5819, 5800, 5777, 5536, 5519, 5424) 
consisting of a triplet and satellites, are all nnsymmetrically widened towards the red ; the second members 
(\k 4493, 4489, 4383, 4323, 4264) and probably all sncceeding are, on the contrary, unsymmetrioally 
widened towards the violet. This is so surprising and important that it is necessary before proceeding 
further to make quite sure of our facts. Firstly, there can be little doubt that the first members do really 
belong to the same series as the higlier members ; they tit into a formula of the usual type, and have the 
full complement of satellites analogous to the higher members and to the first subordinate series of calcium 
and strontium. Secondly, the character of the lines seems equally certain. Although previous investiga- 
tors of the barium speotrnm have not noted the character of the first members of the first subordinate 
series, the reversals of these lines are in my photographs very eccentrically placed on the violet side of the 
emission line, indicating unsymmetrical widening towards the red. The character of the second members 
is obvious, and is given by Kayser and Riinge as unsymmetrical towards the violet. ^ There is also the 
evidence of the displacements at the negative pole compared with the centre of the arc. I have previously 
shown that lines are displaced at the negative pole in the direction of their greater widening. ^ Investigat- 
ing the displacement of the barium lines, I fmd that all the first members of the first subordinate series are 
displaced to the red (A 5536'07 is interfered with by an adjacent line), and all the second members to the 
violet ; this is complete confirmation of their opposite character. 

It is interesting to examine also the analogous first subordinate series of calcium and strontium. Of 
the oalcinm series the first members are in the infra-red and their character is not known ; the second 
members are quite symmetrical so far as can be judged from the symmetry of their reversals and from the 
smallness of their displacements at the negative pole of the arc,® but the higher members are unsymmetrical 
towards the violet* according to Kayser andRnngei and Eder and VEilentak The oalcinm series is 
therefore not so extreme a case as that of barium but is still a noteworthy exception to the general run of 
series. The strontiutn series is, on the other hand, quite normal if we exclude the infra-red lines whose 
character is not known. I find that the second members have their reversals slightly eccentrically placed 
to the red'side of their emission lines and that they are displaced to the violet at the negative pole of the 
arc. These facta indicate that they are unsymmetrical towards the violet aud therefore uniform with the 
higher members whose character has already been observed. 

1 Kayser, Handbuoh der Speotroscopie, Vol. V. = Boyds, Kodaikanal Obseryatory Bulletin, No. XL, 

* Saunders (Astrophysioal Journal, XXXIl, 163, 1910) gives the third members as unsymmotrioal towards the red. This is 
probably a mistake. The photograph o. Grew and MoOauloy of thearc, in air (Astrophysioal Journal, XXXIX, 29, 1914) shows thorn to 
be unsymmetrical towards the violet in agreement with Eder and Valeuta’s observation of the spark Hues, and mine cf the arc lines. 

* Kayser, Handbuoh der Speotroscopie, Vol, VI. 
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In brief, the higher members of the first subordinate “ triplet ” series of calcium, strontium and barium 
are nnsymmetrioal towards the violet ; the first members of the barium series are unsymmetrioal towards the 
, e seoon members of the oaloium series are symmetrical, whilst the second members of the strontium 
senes are already nnsymmetrical towards the violet. 

^ For convenience of reference I have collected into Table I the lines of the first subordinate triplet ’’ 
senes of calcium, barium and strontium. 


Table I. The Fiebt Subobdinath Triplet^' Series op Oaloium, Stbontium and Barium, 


Orfler 

ia 

series. 


.JQ 

§ 

i 

I 


I 

o 

a 

pd 

£ 


Caloinm. 


X (are in air> 
— X (are in 
vaouo).* 


StTontinm. 


r 199160 
19864-6 
19777-4 
r 19607-1 
19452-9 
193106 


4466-81 (s) 
4466-08 (s) 
4464' 97 (b) 
r 4486-80 (b) 
14486-18 (b) 
4426-61 


80110-7 
L 29226-0 
r 27866-2 
1 26916-4 
26024-6 


Bai-iam. 


■ 6819-21 (ur) 
6800-48 (ur) 
6777-84 (w) 
' 6636-07 (ur) 
, 6619-87 (ttr) 
6424-82 (<wr) 


+ -oil 
+ -018 
+ -016 
+ -009 
+ -016 
+ -021 


8646-14 

8644-86 

8644-60 

r 8681-10 
L 8680-88 

8624-16 


13* 

uvlj 




-003 

•003 

■015 

-010 

-001 


4971-86 (uv) 
4968-11 (uv) 
.4962-46 (It'D) 
I 4876-28 (uv) 
4872-66 (uv) 
4882 '2 8 (uv) 


4498'82 (nv) 
4489-60 (uv) 
4883-04 (uv) 
432t'16 uiv) 
4264-45 (uv) 


'4033-26 
4082-61 (uv) 
4080-46 (uv) 
'8970-16 
8969-42 (u) 
8940-91 (uv) 


4087-68 

4084-94 

8947-6 

8946-6 


8862-42 f 
88rt2-27 -t 
8361 92 (uv) 
r 8860-60 t 
8860 22 (uv) 
8844-49 (uv) 


014 

-010 

-017 


8706-88 

8668-90 

8668-82 


(d) 

8663-90 (u) 
(u) 

3629-16 (u) 


8896-2 (a) 
I 8767-6 ,(n) 


8226-26 + 

L 8226-74 (nv) 
r 8216-46 t 
8216-16 (uv) 
8209-68 (uv) 


-8161-41 t 
8160-86 (u) 
8141-29 t 
8140-91 (u) 
3186-09 (n) 


- -021 

- "- *019 

- -088 


8647-92 (u) 

8499-40 (u) 
3477-88 (u) 


[3787 "(u) 


- -080 

~ "-062 
- -136 


8467-70 (u) 

8411-62 (u) 
3890-09 (u) 


fc 2 ® 
dS 0 /“ 


3101-87 (u) 


8400-89 (u) 


77ot«.—(8) denotes symmeirioa), (up) nusymmetrioaliy widened towards the red (uv)nnHvininA+n-ftan-o.™,-;» x 

BBd (n) hiwy or diflow. Tiow giren m itaJios sro new ob.erT.li<mBi those in romm IxpoMO ae reoordod hyThor^^^,' 

“Port^oe of detennmmjr the Breeeur* 
Bhifle of the first suboramate senes of caloiam and barinm, in which, as we hawe seen, the oharaoter of the 


* Taken from Grew and MoCanley’s paper. 

t Wavelengths of the aro in vacuo by Crew and MoOauley reduced to Eowland’s scale 

t Thoeeline. are given by Sahndor, o» one, nunotriohl toward, the red, prehahly by ndetake. Bee foetnote on piure 109. 
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lines changes. St. John and Miss Ware as well as Fabry and Buisson have shown that the ii’on lines 
which widen nnsyinmetrically towards the violet undergo large displacements to the violet with increased 
pressurOj and Gale and Adams have confirmed this,^ whilst those which widen unsymmetrioally towards 
the red undergo large displacements to the red. The interest in these first subordinate series lies in the 
question whether their lines unsymrnetrical towards the violet are, like those of iron, displaced by pressure 
to the violet, i.e,, in the contrary direction to the other lines although belonging to the same series. At 
present the only evidence available on the point is the difference in the wavelengths of the calcium arc in 
air (Holtz «) and in vacuo (Crew and McCauley^). These differences which are given in Table I, ivhilst 
they should be accepted with some reserve, show that the lines unsymrnetrical towards the violet ar@ dis- 
placed to the violet by pressure, and the symmetrical lines of the same series, as was found previously by 
Humphreys, to the red. It has not been doubted until recently ® that, as discovered by Humphreys, the 
pressure displacement; (8\/X) was, constant for all lines belonging to the same series, and this fact has been 
lecommended for the detection of series, ® Judging from the analogy of the iron lines and from the above 
results foi calcium, however, it appears probable that so far from being constant, the pressure shift may 
even be in opposite directions for different lines of the same series. 

This brings up the whole question of the relationship between pressure shift and series. Humphreys 
found that the pressure shift, [BXjX), was constant for all fhe lines of the same series, and that the shifts 
for the principal, the first and second subordinate series were in the ratios 1:2:4. Although these ratios 
seem to hold for the majority of cases, about one-third of the total number are exceptions. These excep- 
tions are given in Table II ; the mean shifts reduced to X 4000 at the same pressure for the different series 
of the same element are quoted from Humphreys^ tables. Where data at the same pressure are not 
available the shift has been calculated from that at a neighbouring pressure and is given in brackets : 

Tabib II. — Exceptions to Humphreys^ Series Law. 


Series. 

First subordinate ... 




Moan shift. 

50 

Eatio. 

Second subordinate 

.. 

• • • 

* • • 

... m 

1: 0-8 

Principal 




66 

1: 1-5 

First subordinate ... 

it. 

• •• 

... 

... (96) 

First subordinate ... 




35 

1 : 1'3 

Second subordinate 

. 



45 

First subordinate ... 

. 



70 


Second subordinate 

* • • « 

» . ♦ 

• • • 

66 

1 : 0‘9 

Principal ... 




73 

1 : 4'3 

First subordinate * 


... 


... 312 


A1 
Li 
Mg 

Hg 
iSa 

The shifts were reduced to X 4000 by Humphreys on the assumption that the absolute pressure 
shifts are proportional to the wavelength. If the shifts are proportional to some other power of the 
wavelength than the first some of these exceptions might be brought ' 
ones would be introduced. 


into line, but on the other hand new 


Recently Swaiin has arrived at eutirely different series relationships in studying the pressure shifts 
of the zinc lines. '* He finds that the shifts of the lines in the first subordinate series are inversely propor- 
tional to the cube of the wavelength, in the second subordinate series inversely to the first power of the 
wavelength, and of non-series lines directly to the square of the wavelength. There is therefore no direct 
relation between the first and second subordinate series. 

It seems to me exceedingly probable that all these inconsistencies are due to the existence of a density 
effect superposed on the Lrue pressure effect. When the arc is placed under pressure there is probably not 

1 St. John and Miss Ware, Astrophysical Journal. XXX VI, 14, 1912 j Fabry and Buisson, Astrophysioal JournaTxsXI in iflio 
= Gale and Adams, Afitrophysioal Journal, XXXVII, 391,1918. « Holtz, Zeitschrift filr wiss. Phofcographie 12 101 

Crew and McCauley, Astrophysical Journal, XXXIX, 29, 1914. ® Swaim, Astrophysical Journal XL 187 1914* * 

Kayser, Handbuoh der Speofcroscopie, Vol. II, pp. 827, 679. 7 Humphreys, Astrophysioal Journal’ VI ’l69 1897 

. " f Humphreys has classed the lines AA 6682, 5688 as belonging to the ’second subordinate 

senes of sodium instead of to the first, making it appear as though they conformed to his law. 
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only an inoreaso in the pressure of the atmosphere surrounding the arc but also au increase in the density 
of the vapour in the arc owing to a more rapid production of vapour or other cause. The effect of an 
increase of density is to displace the unsymmetrical lines in the direction of their greater widening, and by 
an amount apparently dependent only on tho degree of nnsymmetrioal widening.^ This might explain 
Swaim’s curious results meatioued above. He noted that the amount of displacement under pressure 
depended on the diflEuseness of the line, and since the series lines he measured are unsymmetrical towards 
the red it seems piohablo that the large displacements to the red he obtained for the higher and more 
nnsymmetrioal members of the series are due, at any rate in part, to increased vapour density. 

Many of the anomalous results obtained by Dnffield in the aro under pressure are also probably due 
to density effects. Duffield found that when unsymmetrical lines are reversed the displacement of the 
reversal falls to half of that of the nureversed line, whilst the reversals of symmetrical lines remain 
normally displaced.^ Now the nnsymmetrioal lines are those sensitive to density shift and it would he 
expected thn,t at the lowor density of the absorption line their displacement would be smaller, whilst 
Symmetrical lines would he unaffected. He also finds that the displacement of a line may have two alterna- 
tive values at one and the same pressure. * Duffield says,^ " Whatever the nature of the disturbing cause, 
Hroup III and then Group II [of the iron lines] are most susceptible to it.” The lines of Group III, all 
unsymmetrically widened towards the red, are those most susceptible to density shift,® whilst the lines of 
Group II, much widened but not unsymmetrically by pressure, have not been sufiiciently investigated. He 
further says, ® On the photographs showing abnormal displacements [approximately twice the normal 
values], the reversals are more numerous and broader than they are on plates giving normal values ” ; this 
observation is direct evideuce of increased density, I admit, however, that there is no obvious reason why 
the ratio of the larger displacement to the smaller should be approximately as 2 : 1. 

An additional interest for the investigation of the calcium lines under pressure is the question of the 
behaviour of Fowler's series of narrow triplets {W 4586, 4681, 4878 ; etc). According to Moore, the 
Zeeman effect for these lines is either zero or at least very small, ^ and therefore their pressure displace- 
ment would be expected to be small also. ^ It will, however, not he conclusive if they prove to have large 
displacements in the arc under pressure, since these lines are easily displaced by density. ^ 

For the elucidation of the relationship between pressure shift and series, as well as for the solution 
of solar problems it seems essential to isolate the pressure effect from the density effect. The means of 
doing this are not obvious and the only hope seems to lie in investigating the furnace spectrum under 
pressure rather than the aro spectrum, for in the furnace the vapour density, dependent on the rate of pro- 
duction and of disappearance of vapour, is almost certainly influenced by pressure to a much less degree than 
in the arc. All ihat we know at present is that since tie density effect is very small for symmetrical lines 
their shifts in the aro under pressure are probably due to prest^ure only, but that the shifts of unsym- 
inetrical lines are partly, at least, due to density. Mr. Evershed suggests to me that the shift to the violet 


found in the aro under pressure for certain iron lines may be entirely a density effect, and an observation 
of Humphreys ® supports this view. It certainly seems probable that many of the laws of pressure shifts 
will he modified, and it is hoped simplified, if experiments can be conducted under conditions of constant 
VS^pOEtA density. The elimination of density effects in order to obtain true pressure shifts is one of the most 
passing problems for those inteiested in the displacements in the sun's spectrum. 


Pfv 


l^p^tkaiia] Observatory Bulletin, No. XL, ® Duffield, Phil. Trane. Eoy. Soo,, A. 208, p. 161, 1908, 

RSil., Trane. Boy, Soo., A. 209, p. 216, 1909. . ^ Duffield, Phil. Trans. Roy. Soo., A. 209, p. 216, 1909. 

Kodaikanal Observatory Bulletb, Nos. XXXVIII and XL. ® Duffield, Phil. Trans. Roy. Boo,, A, 208, p, 101, 1908. 

. Itoorej Astropbyeioal Journal, XXXIII, 886, 1911. 

, ® SbAEing, Astrophyeioal Journal, XXXI, 488, 1910, and Humphreys, Aetrophyeical Journal, XXIII, 288, 1906; XXVI, 18, 297( 
194, 1908. 

® HnmphreyB AstrophysioalJoumal, ;^XI, 469, 1910. 


O^BBVATOBT, T, ROTDS, 

Assiatant Director. 





BULLETIN No. XLIV. 


ON THE DISPLACEMENTS AT THE SUN’S LIMB OP LINES SENSITIVE 

TO PRESSURE AND DENSITY. 

BT A. A. NAKATAITA ATYAE, B.A. 

In a disonsaion of the displacomonts of apootrnm Hues at the snn’s limt', Measra. Bvershed and Royds 
have shown that iron lines displaced to the violet by increased pressure are shifted, m common with the 
maiority of lines, to the red ot their position at the centre of the disc. The hypothesis that the pressure 
of the effective level of absorption at the limb is greater than that at the centre of the disc, requires that 
these lines should be shifted to the violet and not to the rod. From the small relative shift of tlie^e linos 
compared with the shift of those displaced to the red by pressure, they concluded that the difference of 
pressure of the effective levels of absorption at the sun’s limb and at the centre of the disc was small. 

It should he remembered that, in the reversing layer, the vapour density of any element will vary 
proportionately with the total pressure if the relative amounts of the various elements remain constant, and 
therefore any increase or decrease of pressure at the limb compared with the centre of the disc will be 
accompanied by a corresponding increase or decrease of vapour density. 

Now, certain lines, particularly of calcium and sodium, are much more sensitive to pressure and density 
than iron lines. The limb shifts of these lines, therefore, provide a more rigorous test than the iron lines 
as to whether there is a large difference of pressure and density between the sun s limb and the centre of 
tlie disc. The lines available as being sensitive to pressure or to density are as follows : (1) 
the sodium pairs at 5680 and 6150, (2) the calcium triplets at 3950, 4580 and 6120 and (3) the 
magnesium lines at W 4352 and 4703. All these lines are unsymmetrically widened towards the red and 
undergo, with increased pressure or density, large displacements to the red. It will be shown in the 
following paragraphs that a comparison of the limb shifts of these lines with^ those of other lines of the 
same level shows that the difference of pressure and density between the effective levels at the limb and at 
tbe centre of the disc must be very small. 

Esiperimental Details.^ 

The spectrograph has been already described in Kodaikanal Observatory Bulletin No. XXXVI. Tho' 
method of making exposures of the centre and both the limbs simultaneously is the same as that given in 
Kodaikanal Observatory Bulletin No. XXXIX. In the region a 6150 some of the plates were also obtained 
by alternate exposure of the centre and each limb separately. Observations were made between latitudes 
0° and 75° at a distance df one-thirtieth of the sun’s radius inside the limb. The higher latitudes were in. 
the regions 5680 and 6150. In the region x 6150 the second order spectrum was used ; in the other- 
regions the third order was employed. 

1 Kodaikanal Observatory Bulletin No. XXXIX. ^ pkotograpbe were taken by the Director and Assistant Director. 
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The following table contains the limb — centre shifts of all the lines measured : — 

Tablh I.— -Limb — cbntkb shibts. 

[Lines most sensitive to presstire and density are marked ur, being unsynimefcrioally widened towards the red.] 





Limb - 

- oenti'Q. 



Number 



\ (Rowltiiid). 

IntenBity. 

of 





measureH. 

Kodai- 

. Mt. 




kanal. 

Wils?n, 

8949-089 (ur) 

Oa 1 


A/IOOO 

A/IOOO 

8 

+ 7 

3960-102 

Fe 5 

4 

+ 6* 

+ 0 

3066 819 

Fe 6 

6 

+ 6* 

+ 7 

3966-212 

Fe 8 

8 

+ 4* 


3969-418 

Fe 10 

6 

+ 4* 


3977-891 

Fe 6 

6 

+ 7* 

+ 6 

4076-792 

Fe 4 

2 

4 4 

4078-616 

Fe 4 

2 

+ 0 


4081-088 

Fe 2 

2 

+ 4 


4085-161 

Fe 4 

2 

+ 6 


4080-874 . 

Fe 3 

2 

+ 4 


4091-711 

Fe .3 

2 

+ 0 


4006*094 (iw) 

Ca 4 

4 

0 

+ 4 

4096-129 

Pe 8 

2 



4098*689 (ur) 

Oa 4 

4 

+ 2 


4387-216 

Fe 6 

2 

+ 7 

+ 8 

4852-088 (ur) 

6 

4 

+ 4 

+ 4 

4362-908 

Pa 4 

1 

+ 6 

+ 6 

4527-101 (ur) 

Oa 3 

7 


+ 7 

4628-798 - 

Ph 8 

4 

+ (5 

+ 6 

4631*827 

Pa 6 

4 


+ 7 

4648-024 

Fo 3 

4 

+ 6 

+ 8 

4640-042 

p Fe 2 

4 

+ 6 

+ 8 

4656-008 

p Fe 8 

4 

+ 8 

+ 11 

4660’266 

Pe 2 

3 

+ 7 

4578-782 (ur) 
4581-676 (ur) 

Oa 3 

Oa 4 

6 

6 

+ 3 
+ 8 

... 

4684-018 

p Fe 4 

4 

+ 8 

■f 12 

4686'047 (ur) 

Ca 4 

6 

+ 2 

+ 6 

4692-840 

Fo 4 

2 

+ 8 

4696-540 

Fe 2 

2 

+ 8 


4698-803 

Fo 3 

2 

4 6 


4008-126 

Fe 0 

2 

+ 6 


4607-881 

Fe 4 

2 

+ 8 


4679-027 

Fe 6 

1 

+ 4 


4W3-177 (ur) 

Mg 10 

8 


+ ' 8 

4707-467 

Fo 6 

8 

+ 5 


\ (Rowland). 


Intensity. 


4788779 

6666- 716 

6669- 052 
66(;2-744 

6667- 739 

6670- 249 
6682-809 
6684-710 
6688-430 
6690-64.6 
6891*716 
6701-823 
6701-772 
6706-216 

6708- 622 

6709- 601 
6709-776 
0O0O-7O9 
6079-227 
6102-392 
0102-987 
6122-434 
618H‘829 
G161-834 
6164-438 
6160'ti66 
6162-390 
6166-661 
6169-249 
6169-778 
6173-658 
6175-634 
6191-893 
6191-779 

6218- 644 

6219- 491 


(itr) 

(w) 


Fe 4 
Fe 2 
Fe 4 
Fe 4 
Fe 2 
F« 3 
Na 5 
Si S 
Na 6 
Si 3 


Pe 

Si 

Fe 


Fa 3 


Si 3 
Fe 6 
Ni 6 
Fe 7 
p Fe 2 
Fe 0 
Oa 9 
On 10 
Fe 8 
Fo 4 
Na 2 
Na 8 
(.;al6 
Oa 6 
Oa 6 
Oa 7 
Fe 5 
Ni 3 
Ni 6 
Fe 9 
Fe 6 
Fe 6 


Number 

Limb — oeiitro • 

of 

uieaaureB. 

Kiodai- 

kanal. 

Mb- 

Wilson. 

2 

A/IOOO 

A/IOOO 

+ 7 

4 lO 

2 

6 

+ 10 
+ 9 

... 

6 

+ 8 


1 

+ S 


4 

+ 8 


6 

+ 4 

4 r 

5 

+ 7 

4 lO 

6 

+ 3 

4 H 

4 

+ 8 

4 S 

1 

4 0 


1 

+ 6 

4 r 

4 

■f 7 


1 

+ 6 


4 

+ 0 

4 £) 

4 

+ 7 


4 

+ 12 

4 12 

4 

+ 4 

4 12 

8 

+ 4 

4 12 

7 

+ 8 

4 IS 

7 

+ 3 

4 8 

8 

+ 3 

+ r 

8 

+ 6 

4 18 

8 

+ 3 

4 IS 

0 

+ 3 

+ 11 

8 

+ ■ 2 

■+ 12 

8 

+ 2 

4 8 

8 

+ 4 

4 9 

8 

+ 8 

4 lO 

8 

4 4 

4 9 

8 

4 6 

4 14 

8 

+ 8 

4 11 

8 

4 2 

4 11 

8 

4 6 

4 14 

8 

4 4 

4 14 

4 

4 6 

* • 


• These yalues ate taken Irom Kodaikanal Observatory Bulletin No. XXXIX. 

I* or bohiparison, Dr. Adamses values are also given tinder the heading “ Mount Wilson.” Q-enerally 
there is a fair agreement except in the region \ 6160, where my values are much smaller than Adams’s* 
The catisenf this isnot clear. As stated above, the plates in this region have been obtained both Tby 
vCiptn|iarisoh of each limb aeparately with the centre of the disc and also by simultaneous exposure of botli 
^imbs and tbe centte in a manner identical with that of photographs in other regions giving good agree- 
ment with Adams. My experience agrees -with that of other workers, who have found that the valne for 
^ to plate in an apparently arbitrary manner ; in a partioalar 

; ^ay have their average values some may have abnormal values, notwitli- 

faot^at they give correct values for the rotational velocity of the sun. Whether these 
yar^^ppa are due in some way to the photographic process, such as the unequal shrinking of the film iai 
OP real phenomena having their origin in the sun is a matter for investigation. 

j Bulletin Nos. XXX VIII and XL, Dr. Boyds has shown Jihat an increase o:® 

spectrum lines in the direction of So far as We 

khow, the displacements >re also in this direction. Consequently, the limb-centre shifts of 

symmetrical lines at the 




the r ed 



I i; 
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level according as the pressure and density at the limb are greater or less than at the centre of the disc. 
The lines cnosen for comparison with these sensitive lines should be symmetrical lines originating at the 
same level as the sensitive lines in order to eliminate differences of velocity depending on level in the 
reversing layerd According to St. John's values for the radial motion in sunspots, the level of the 
sensitive lines W 3949 (Ca), 4095 (Oa), 5682 (Na), and 5688 (Na) is the same as that of the iron lines of 
intensity 2 to 4, and the level of the magnesium lines 43o2 and 4703 is the same as that of the iron lines 
of intensity 6 to 7. The average limb — centre shifts of these lines are compared in the following table ; 

Table II. — Average limb displacements op sensitive lines compaked with those op iron 

LINES AT THE SAME LEVEL. 


Sensitive lines. 


Iron Hues at the same 
level. 

Mean shift. 

Moan 

shift. 

Intensity. 

3949, 4095, 5682 and 5088 

+ 0*0035 A ... 

+ O' 0070 A* 

2 to 4 

4352 and 4703 

+ 0 0040 A ... 

+ 0-0047 A* 

6 to 7 


* Theae valuea are from Kodaikanal Observatory Bulletin No. XXXTX, Table II. 

It will be apparent from the above table that the limb shifts of lines sensitive to pressure and density 
are smaller than those of iron lines at the same level. 

The shifts of all the sensitive lines measured, compared with those of iron lines on the same plates, aro 
given in Table III. 

Table III. — Average displacements (limb — centre) op sensitive lines, compared with 

THOSE OP IRON LINES ON THE SAME PLATES. 




Neighbouring iron lines. 

Sensitive lines. 

Mean shift. 

Mean 

shift., 

Number 

of 

lines. 

Mean 

Intensity, 

3949039 Oa 

+ 0-0070 A 

4 * 0'0054 A, 

5 

G‘0 

4095' 094 •) p 

4098-689 ] 

+ 0-0010 

+ 0-0046 

7 

8-3 

4362-083 1 

4708'177J'“^ 

+ 0-0040 

+ 0-0058 

5 

4-8 

4627-101 

4578-732 / p 

4581'575 C^®' " 

4586'047d 

+ 0-0030 

+ 0-0070 

9 


6682-869 

6688-436 

4 * 0'0035 

+ 0-0080 

9 

3-2; 

6102-937 ■) 

6122-484 [ Oa 

6162-890) 

6154-488 1 

6160'956 i ^ — 

!•+ 0-0026 

+ 0-0044 

8 

6-4^ 


Here again it is seen that the shifts of sensitive lines are generally smaller than those of iron lines 
which are less sensitive. The line A 3949 is the only apparent exception, which may probably be accounted 
for by the higher level of the iron lines with which it is compared, as judged by their mean intensities. 


1 See odaikanal Observatory Bulletin No. XXXVl, page 52. 
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We are led, to the same oonolusion if ■we oompaTe the unsymmetrioal oalomm lines with the symmetrical^ 
oaloiam lines* 

These results seem to point to slightly lower pressure and density at the limb than at the centre of tho 
disc, since lines displaced most to the red by pressure and density have a slight relative shift to the -violet. 

Absoiutb limb— centre shiets oe sensitive lines. 

According to Humphreys, the mean pressure shift for the sodium lines 5682 and 5688 is + *055 A per 
atmosphere and that for the calcium lines XX- 6102, 6122, and 6162 is +’024 A per atmosphere. The mean 
Hmb— centre shifts for these two groups of lines are +’004 A and +*008 A respectively. Even assuming 
that the absolute limb— centre shift is entirely due to pressure, it is interesting to find that the difference of 
pressure between the limb and the centre can only be a fraction of an atmosphere. 

OONCIUSION. 

We see, therefore, that, even taking the limb shifts of lines much more sensitive to pressure and 
density than the iron lines, the difference of pressure and density between the limb and centre is very small, 
in agreement with the conclusions of Messrs. Evershed and Eoyds for iron lines. The balance of evidence- 
is in favour of slightly lower pressure and density at the limb than at the centre of the disc. 

I take this opportunity to express my thanks to Dr. Eoyds, at whose instance the work was taken im 
hand and whose many suggestions at various stages have been of invaluable help to me. 

The Observatory, Kodaikanal, A. A. NAEATANA AYTAE, 

29th October 1914. Third Assistant. 




BULLETIN No. XLV. 


SUMMAEY OF PEOMINENOE OBSEEVATIONS FOE THE SECOND HALF 

OF THE YEAE 1914. 

From October 1, 1914, visual observations of prominences were practically confined to displacements of the 
hydrogen lines, and metallic prominences, as the position angles, heights and areas can now be much more 
satisfactorily determined from the photographs. 

The distribution in latitude of the prominences observed and photographed during the six months ending 
December 31, 1914, is represented in the accompanying diagram. The full line gives the mean daily areas, and 
the broken line the mean daily numbers for each zone of 5° of latitude. The ordinates represent tenths of 
square minutes of arc for the full line and numbers for the broken line. The means are corrected for partial 
or imperfect observations, the total of 140 days being reduced to 113 effective days. 
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The mean daily axeas and daily nnmbers for each hemisphere corrected for partial observations are a 
■follows : — 



Mean daily areas 

Mean daily 


(sqnaxH minnteB), 

numbers. 

North 

1‘59 

8'97 

South 

... ... 175 

910 


Total 3'34 

18'07 


Compared with the first six months of the year the mean areas have increased while the mean nnmberi 
have diminished, showing that larger prominences occurred during the latter half of the yeai-. The distri 
bution in latitude is much the same as during the earlier months but the zones of greatest activity hav 
■ advanced m latitude about 5° and are ssnnmetrically placed at 50° north and south. The zones betweei 
latitude 45° and 55° are, roughly speaking, about twice as active as the regions nearer the equator which shov 
little variation even down to the equator itself. 

The monthly, quarterly, and half-yearly frequencies and the mean height and extent are given in th( 
f ollo'wing table. The frequencies are derived from the effective days. 


Abstract for the second half of 1914. 


lynmber of days of 
obseryatioiiB. 


Bfleotive. 


. SFumber of bfean daily Mean 

prominenoeB. freqnenoy. height. 


July 

Auguflt 

September ... 


Ootober 


November 




December 


Third quarter 


Fourth quarter 


i Second half ‘■year ... 


; ^ including those given in BuUetin No. XLI, show that a steady 

^ mean height and extent of the prominences during the whole year, while the mean frequencies diminishe 

^ ^ three months of the year to 177 during the last three months. The increase in size c 

l^owever.naore than compensates for the reduction in: numbers. 

' ' ■ Distribution east and west of the sun's axis. 

'f numbers show a slight and areas a considerable eastern preponderance, which in the latte 
-^M ^iyhainhnnedm The distribution was ^ LL ' 

laBt. ■ Weat. Percentage euBt. 


Percentage eaet. 




lera observed 


in Square minutes of arc 
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Metallic prominences. 

The following metallic prominences were recorded in the half year 

Table I,— List of metallic prominences. July— December, 1914. 


Date. 

Hour 

i.s.t. 

Base. 

Latitude. 

Limb. 

TTeigh 

North. 

South. 

1914. 

H. 

M. 

0 

0 

O 


II 

July 31 

8 

48 

6 

20 


W 

30 

August 8 

9 

18 




31 

E 

20 

October 11 

8 

16 

12 


49*5 

B 

66 

November 4 

11 

65 

1 

21 


W 

80 

26 

8 

62 

10 

50 


W 

60 

December 12 

9 

0 

1 

25 


E 

20 

12 

9 

0 

— 

23 


B 

20 

21 

8 

60 

1 

42*5 


E 

16 

26 

8 

28 

1 

62 

... 

W 

20 

31 

8 

42 

1 

22 


E 

15 

31 

8 

44 

2 

13 


E 

30 

31 

9 

5 

3 

18*5 


W 

20 


LineB reversed. 


6078T, Di, D 2 , 6316*8, bi, b^, bg, bi, 6018*6, 6016*3,. 

4924’!, Eruptive. 

Uij Dg, bi, bj, bs, bi. Changing. 

Dj, D 2 , bi, bg, bs, bi, 68I6'8, 4924'1. 

•Dj, Dg, bi, bs, bs, bi. Associated with a spot. 

Di, Ds slightly bright near base. 

Di, Da, bi, bs, bs, bi, 

Di, Ds, bi, bs, bs, hi. 

Di, Dg, bi, bs, bs, bi. 

Di, Dgi bi, bg, bg, bi. 

®2> bi, bs, bs, bi. 

Di, Dg, b), bs, bs, bi. Associated with a spot. 

Di, Ds, 6316*8, 6269*7, 6234*8,. bj, bg, bg, bi, 
4!)24'1. Associated with a spot. Changing ; 
height 20* at 9>> 5'", 80" at 9 I 1 9™ and 40'^' 
at 9>‘ 11m, but only 10" at 9^ 15“. In 
Ca photo at 8^^ 18“ the height was 60". 


Displcwemmts of the hydrogen lines. 

Particulars of these disturbances are given in the following table 

Table II.— Displacement op the C line in prominences. July— December, 1914. 


Date. 

Tims. 

I.S.T. 

Latitude. 

Limb. 

Amount of displacement. 

N. 

S. 

' Red. 

Violet. 

Both ways. 

1914. 

H. 

iVr. 

0 

0 


A. 

A. 

A. 

July 

31 

8 

48 

20 


W 


1*5 


August 

1 

9 

20 

18 


W 


2 



,11 

10 

05 


69 

W 


0*5 



12 

9 

53 

68*6 


E 




12 

9 

35 

14 


E 


2 



12 

9 

21 


60*6 

W 

Slight 




12 

10 

2 

11 


w 

i 




12 

8 

25 

66'6 


w 

1 




12 

8 

21 

71 


w 

0*6 




12 

9 

57 

78 


w 

1 




16 

9 

16 


39*6 

w 

1 




17 

17 

20 

9 

9 

9 

30 

85 

20 


44 

46*6 

82 

w 

10 

E 

Slight 

Slight 

Slight 


20 

22 

9 

8 

3 

88 

68*5 

71 

w 

E 

Slight at base 
0*6 

Slight at top 


% 

22 

8 . 

18 


69 

E 

1 



23 

26 

8 

9 

44 

1 

79-6 

68 

W 

E 

3 

Slight 



26 

8 

28 

73*5 


W 

Slight 




30 

8 

88 

81 


B 

Do. 



September 

1 

8 

40 


34*6 

B 


Slight 



2 

9 

9 


83 

W 


0*6 



4 

11 

48 


80*5 

w 


Slight. 



6 

8 

20 


58 

E 


1 



6 

8 

47 

78 


E 

1 




6 

8 

38 

1 


12 

B 


1 



Renaarks. 


Metallio prominence. 

At top of prominence. 

C bulging to violet over 2°., 

At top of prominence. 

Not seen at lOh 7in, 

Not seen at 9h 68“. 

At top of prominenoo. 

Over whole prominence.. 

At base of prominence. 

No prominence. 

At top of prominence. 

At top of prominence, 

Very rapid changes in- 
form and amount of 
displacement — 6A at 

9h 6m and 9h 8m, ; only* 
about lA at 9h 9m. 

No prominence. 


No prominence 
At top of prominence, 

No proiuinenoe. 

Do. 

Do, 


1-A 


10 


Time 

I.S.T. 


Laljibude. 


N. 


S. 


Amonnt of displaoemenfe. 


LimbJ 


Bed. 


Violet. 


Both ways 


Hemarks. 


H. 

M. 

Q 1 

0 

■1 

A 

A 

8 

S2 


76-6 

mm 



8 

28 


6 

w 


1 

8 

13 

67’6 


W 


1 

8 

9 

72 


w 

0*5 


12 

0 


60-6 



Blight 

9 

20 


19-6 

B 

1 


9 

16 


26 

E 


0-6 

9 

26 


69-6 

B 

1 


8 

4<0 


29 

B 

2 

1*6 

10 

47 


19 

W 



11 

33 


80 

W 

Slight 


8 

20 

706 


B 

Do, 


8 

4« 


S6’6 


0*6 at top 

Slight at hat 

9 

69 

66 


W 

Slight 


8 

18 

88 


w 

Blight 

9 

49 

81-6 


w 

Do. 


8 

48 


42-6 

w 

Do. 


8 

34 

83 


w 

06 


8 

29 

80-6 


w 

0*5 


8 

28 

42-6 


w 

Slight 


9 

2 


8-6 

B 

2 


9 

16 


60 

E 


Do. 

g 

17 


69 



Do. 

9 

24 


86 

w 


Do. 

9 

29 

60 


w 


1 

8 

40 


66 

B 

2 at top 

1*5 at base 

8 

40 

76'6 


1 

Slight at top 

0-6 at base 

10 

26 

48-6 


E 


Bb'ght 

8 

26 


84 

E 


1 

8 

24 


42 

E 


Slight 

8 

49 


82 

E 

2 

9 

IS 


60 

W 


Do. 

8 

27 


28 

W 

Slight 

Do. 

8 

15 


49 

E 

0-6 


8 

67 


68-6 

E 

0*6 


8 

17 

84 




1 

8 

18 

27-6 

85 

E 


Slight 

8 

26 


B 

Blight at base 

Slight at top 

9 

14 


28 

W 


1 

8 

9 

18-5 


w 


0*2 

8 

9 

2U 


w 


0*6 

8 

1 

74-6 


w 


0-2 

9 

10 

27 

18 

E 


Slight 

8 

46 


W 


11 

48 


81-6 

E 


0*6 

11 

66 

21 


W 

1 

0-6 

8 

69 

60 


w 


0-6 

8 

81 

17-6 


B 


0*6 

8 

88 

48-6 

88 

B 


SUght 

9 

9 


B 

Slight 

: 

42 

68 


W 

Do. 


:'-8 

.40 

67 


w 

0-6 

; 'X. 

29 


2o-6 

B 


0*6 

1 

io, 

! ^ ' 

86 

79-6 

B 

W 

1 

Slight 

0*6 

8 

28 


67; 

w 

2 










A 

Blight 


Slight 


Slight 

1 at 14h 16m, 


At top of promioenoe. 

No prominence. 

At base of protninQtioS" 
higti } prominence 30' 
high at 8h 44m and hlie 
displaoement extondoci 
over the whole of i*- 
Prominence gone at 
9h 20m but O waa 
slightly displaced to rod - 


At top of prominence. 
No prominence. 

At two difEerent points. 
No prominence. 


At top. 


No prominence. 
At base. 


No prominence. 
Do. 


No prominence. A small 
prominence visible at 
9h 4 p“». The prominono© 
was 40" high in Oa at 
Qh 28m, 


Not seen, at 9h SOm, 

No prominence at 0h gi 
hot 0 was slightly d: 
placed both ways. 

At top of prominence. 


Displaced portion detatolx- 
ed from 0 line. N ot 
seen at 9h 6m, 


At two difEerent points. 


No prominenoe. 

Do. 

At top of prominence. 


Over whole prominenoe. 


No prominence. 

Do. 

Do. 

At base of prominence. 
No prominenoe. 

Do. 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Ohromosphero, 
bright. 

At base of promineno^f 


No prominenoe. 

Over whole promineiio^* 
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1914. 

November 15 
16 
16 


Time 

I, S. T. 


Latitude. 


N. S. 


Amount of displaooment. 



Bed. 

Violet. 


A. 

A. 

w 

1 


B 

0-3 


W 


0-2 


.llGuiarlcs. 


Q-one at 8 b 44m. 

Over whole prominence and 
over an extent of 8°. 

No prominence. 


78 IS 

44 W 

17-6 W 

80 E 

44 E 

12 W 


Slight an base Slight at top 
Slight 


Do. 

Over whole prominence. 

No prominence. 

Do. 

2A at 8b 28^10 and 0‘6 
A at 8b 24m. 

Gone at 9h 6in, 

No prominenoo. 


December 




0‘6 

Slight 

1 A at 8h S9m, 
0’5 
Slight 


No pronunenoe. Displaoe- 
rneut at two points close 
to each other. 

Over whole prominence in. 
Ha. No promirenoe in Oa. 
Displaooment gone at 
8b 67m. 


Ah top of prominence. 
No prominenoo. 

No protuinonOQ. 

Do. 


W 

49 E 

80-5 B 
W 
W 

w 

76-5 E 


At several points. 
No prominence. 
Do. 


Displacement 
slight at 
9b 18m. 


50 W 
27—29 E 


Slight 
at base 


0'6A to violet at — 27’ E. 

No prominence. 

Do. 

Do. 
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Latitude, 


Amouat of dieplaoement. 


BetnarkB. 


N. 8. 


Violet. Both ways. 


Beoember 


H. M. 
8 25 


8 

40 


45 

\7 

8 

46 

16 


W 

8 

60 

40-6C 


W 

8 

54 

82-6 


w 

8 

54 

88-6 


w 

8 

56 

21 


B 

8 

50 

16 


1 

9 

8 


49 

1 

9 

6 


84*6 

B 

8 

28 

62 


W 

8 

25 

77 


W 

8 

89 

46 


1 

8 

62 

82 


w 

8 

20 

77 


B 

8 

28 

60 


B 

8 

15 


51-6 

W 

8 

84 

41 


B 

8 

26 


63 

B 

8 

26 


60 

B 

8 

67 


61 

B 

9 

6 

18*6 


W 

9 : 

6 

60 


yf 


At about a dozen noints. 

No prominenoe. 

Do. 

Do. 

Do. Not Been at' 
8 h 66 m, 


0-6 
Slight 
at bsLse 


Not Been at 8h 22m wbeni 
0 was displaoed to violet 
for 0-6A. 

Changing rapidly 2A at 
8h 25m, Nothing at 8h 
27m. 


Over whole prominenoe, 
At top only. 

Displacement lA at 9 
llm. 

At base. 


Eighty-six of these displacements were in the northern hemisphere and seventy-eight in the southern ; , 
eighty-seven were in the eastern hemisphere and seventy-seven in the western. There was a decided increase - 
in the displacements to the violet. Ninety-eight were towards the violet and seventy towards the red. A 
mmiber of prominences showed displacements to the red in one part and to the violet in another part.. 
Displacements both ways at the same point were recorded in ten prominences. 

The displacements were recorded fairly nniformly over the whole limb, fifty-one were 0 ° to 30 ° of latitude 

sixty' from 31 ° to 60 ° and fifty-three from 61*^ to 90 °. ^ 










H&uersdlB o/nd di^laceinents cf the G line on the disc. 

Eighty-five reversals of the 0 line were observed in the neighbourhood of spots or occasionally near 
^ulse only. These as well as the darkenings of the D3 line show a slight preponderance in the eastern 
hemisphere while the number of displacements of the C line in or near spots was slightly in excess on the- 

western. Tlie table following gives the distribution east and west of these phenomena 

Bast, West. 

Reversals of 0 near spots ... ... ... ... 44 41 

y ^ Darkening of Ds : ... ... 0 4 

‘ Displacements of 0 ... ... 20 22 

displacements towards fed, twenty-five being towards red and eleven 


mm 






^ ^ i.V - • ® -WVTVW.W XWVI. OAXU. OiOVOJU. 

te aenble spot group which crossed the central meridian on November 9 showed a prominenoe- 
i loth, and on the Xlth there were displacements indicating violent changes In the direction 
■hroVement*-' ■■ 







m the disc m absorption ma/rM 

►hing the absorption markings in h j-^ogen light was not : > 


1 were bb^ed towards the end of the year. A oonsid^bie number of absorption 

there is nb have inereas^tri 
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frequency since 1913 or the first half of 1914. Most of the markings are in the south-eastern quadrant 
' of the sun’s disc and correspond to the high latitude zone of prominence activity at about 50° south ; 
from the middle of November however absorption markings appeared in the north-east quadrant in latitudes 
ranging from + 18° to + 70°. The great preponderance of these markings on the eastern side of the central 
meridian is very remarkable as it exceeds considerably the eastern preponderance of the prominences at 
• the limb. 

The Obsbrvatoby, Kodaikahal, J. EVERSHED, 

SMh February 1915. Director, Kodaikanal and Madras Observatories. 


IH’bio®, 8 annas."] 


madras: printed by the superintendent, government press. 



^otratltanal 

BULLETIN No. XLVI. 


THE DISPLACEMENTS OE THE ENHANCED LINES OF lEON AT THE 

CENTEE OF THE SUN’S DISC. 

By j. evershed and a. a. narayana ayyar. 

The general displacement of the solar lines towards the red has been interpreted in Bulletin No. XXXVI as 
due to moTements of the solar gases in the line of sight, and not to pressure as had been formerly belieTed 
The moyement is one of recession from tlie earth, or a falling moyement at the centre of the sun’s disc. This 
■would sugpst a circulatdon of the solar gases in a radial direction, the cooler gases falUng from the hi gher parts- 
0 le sun s atmosphere, and these being replaced by hotter gases ascending from below. In discussing some 
eclipse spectea obtained in 1900 it was suggested that a circulation of this kind might account for the relatiyely 
grea m ensity of toe enhanced lines of iron and other substances in eclipse spectra, as compared with their 
intensities in the Fraunhofer spectrum, “ The highly heated ascending gases giving the predominant features 

to the flash spectrum, -whilst the cooler more diffused gases slowly subsiding detei-mine the character of the 
absorption spectrum.” . 

-With a -view to detecting the rising moyement of the hotter gases, a special study has been made of the 

vvywT“,*’?r" spectrogi-aph used is the same as was described 

letin No. XXXTI, but for most of the work a new grating ruled by Anderson was employed. This has a 

ruled surface 5 by 4 inches with a total of 75,080 lines. The third order speoti-um was used in the green and 
blue parts of the spectrum, and the second order in the red. As in preyious inyestigations of this nature the 
e eotem arc and the centre of the sun's disc were photographed simultaneously, using a reflecting device 
placed m front of the slit. The enhanced “spark” Unes of iron were obtained by using a very short arc 
between iron electrodes, carrying a current of 10 to 12 amperes. Under these conditions the enhanced lines 
are readily photographed, and they appear all to be of the same character, narrow symmetrical lines but 
nei her very intense nor very sharp. They are nevertheless excellent lines for measurement when a sufficient 
exposure has been made. As the exposures required were generally much longer than is necessary for the 
sun, the latter spectrum was impressed at the middle time of the exposure on the arc, or, if several minutes' 
were required for the sun, a succession of short exposures was distributed throughout the much longer arc 
exposure. As temperature changes in the grating have been found to be a source of appreciable errors in long 
exposures, even when the exposure on the sun is made at the middle time, the further precaution was taken of ' 
obse^mg the temperature with a sensitive thermometer placed inside the grating chamber. If the temperature 

was ound not to vary more than 0-2° Fahrenheit during a 30-minute exposure, the plate was considered safe 
for measurement. 

• enhanced lines in the region 4508-4584 required ton minutes on the arc and one 

minute on the sun, with the Michelson 5-inoh grating. With the Anderson grating the lines 4924 ’and 5018 
recmired fifteen minutes on the arc and three on the sun. The line 5169 could be photographed in five minutes 
m both arc and sun but the fainter lines 5234, 5276 and 5316 required twenty to twenty-flye minutes on 
the arc and four to five minutes on the sun. At the red end of the spectrum, using dyed “ lantern ” plates and 
tte secjind order of the Anderson grating, nearly thirty minutes was necessary for the arc and two minutes fot 

and in^ihe^^^ tie Plates wies from r2 mm. per angstrom to Ffi mm. per angstrom between 4500 and 5300 
s cond order red it varies from 0 84 to 0'89 mm. per angstrom between 6100 and 6400. 


* J. Evershed, Phil. Trans. A, 201, 477, 
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The measures were made and reduced in the same manner as those detailed in Bulletin No. XXXVX 
T?he residual shifts, sun — arc, after eliminating the shifts due to the earth’s movements. relative to the sun, are 
.given in the table following : — 


Table I. — Shifts of Enbanoed Lines at centre of Sun’s Disc. 


4303*337 ... 




Intensity 
in sun. 

2 

Mean shift© — arc in 
angstroms /10,000, 

+ 39 

Number of plates 
measured. 

1 

4508*455 ... 




4 

+ 

- 60 1 


4515*508 ... 




3 

+ 

44 


4520*397 ... 




3 

+ 

3 


4522*802 ... 




3 

+ 

19 

^ '6 

4549*642 ... 




2 

+ 

21 


4556*063 ... 



• « • 

3 

+ 

10 


4584*018 ... 




4 

+ 

26 


4924*107 ... 




... . 5 

+ 

53 1 

A 

5018*629 ... 




4 

+ 

136 J 

4 

5169*220 ... 



¥ • • 

4 

+ 

62 1 


5234*791 ... 




2 

+ 

2 

4 

5276*169 ... 




3 

+ 

63 J 


5316*790 ... 




4 

+ 

2 

5 

6042*315 ... 




... 3 

+ 

39 

1 

6456*603 .... 


... 


... 3 

— 

19 

4 


This list of sixteen lines includes only those which are of sufB.oient intensity in the arc for accurate 
measurement, and which appear in the solar spectrum as single lines sufficiently separated from neighbouring 
lines to admit of accurate measurement. As in previous determinations when A/10,000 is taken as the unit 
there is a considerable variation of shift for the same lines on different plates, some lines being more consistent 
than othei'S. This may be largely, but we think not wholly, due to errors of measurement. 


The general result is obvious ; the enhanced lines give positive shifts in every case but one. They cannot 
^eref ore represent ascending gases, as was supposed. The relation of shift to intensity found in discussing the 
much more numerous measures given in Bulletin No. XXXVI holds also in this series ; thus, the mean shift 
of the six lines of intensity 5 and 4 is + 0*0056 A, and the mean shift of the ten lines of intensity 3 and 2 is 
-f 0*0022 A. If the displacement is interpreted as movement in the line of sight, it is clear that the iron 
vapour giving the enhanced lines sl^es in the descending movement of the iron vapour giving the arc lines, 
and the enhanced lines show also the retodation of this movement in the lower levels of the reversing layer. 


There is one line in the list which gives an appreciable negative shift, the line 6456*603, but it would 
obviohsly be unsiafe h) conclude that this indicates rising movement in the sun. Besides this line there are 
iw6 pthers, which, considering their intensities in the sun, give anomalous shifts. The line 5316 gives a 
practically zero shift, and the line 5018 gives an abnormally large positive shift. An attempt has been made 
^ discover whether these three lines are shifted in the arc as in the case of unssonmetrical lineSf when 
<knhparing the centre of the long arc with the short arc, and comparison spectra have been obtained of the 
oentrai portion of an arc 3 to 4 mm. in length and a current strength of 4 amperes with a short arc 1 to 
2 nom. in length and a current strength of 10 to 12 amperes. The enhanced Unes at the centre of the 
arc are reduced to exceedingly fine lines, butin each case they are found to coincide in position with the 
ijiau^ Stronger lines due to the short arc. The test is a severe one, and in the green regions a large proportion 
thp ordinal^ arc lines of iron show very marked displacements to red or violet in the short arc, according 
' " ^ ; nature of the unssrmmetinc^ 


is ebnclpdedthat the enhanced lines generally are symmetrical in character and weU suited for sun fffo 

The anomalous shift of the line 5018 might be accounted for if it is assumed that this linA' 
a Oonsiderably higher level in the reversing layer than any other of the enhanoed lines, and similarly' 
f v.. shi^ would be explained if it represents a very W level. This -line howev^iV 

biher enhanced lines, has always been regarded as a high level line from the evidence cl? 

■Mft/V yknvt ^ .rt ' *.:A' ^ ^ 


Agpffi^es of this kind of course can always be explained if a ccraponnd origin for the iS<» 
Whg affected by an um 

-j ’V- ' '' ' ' 
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In order to find out whether there was any relative shift between the enhanced and the ordinary lines, 
:and also to guard against any systematic errors which might affect this particular set of plates, measurements 
were also made of many of the best defined and apparently symmetrical arc lines of iron. In table II we give 
the mean results, grouping the lines according to the colour of the spectrum where they occur ; — 


Region. 


Number of lines 
metisured. 


Blub 



8 enhanced lines 
7‘ arc lines 


Green . 



6 enhanced lines 
20 arc lines 


Red 



2 enhanced lines 
10 arc lines 


Table II. 


Mean intensity 


Mean shift 

in sun. 


sun — arc in 
angstroms. 

3*0 

4- 

0-0028 

3-9 

+ 

0*0039. 

37 

+ 

0-0053 

37 

+ 

0*0053 

3-0 

+ 

0*0010; 

6*0 

+ 

0*0041 


This table shows an essential agreement of shift between the enhanced lines and the arc lines, such 
•differences as occur being accounted for by differences of mean intensity, and by the anomalous shift of one 
■ of the two red lines. 

The enhanced lines of iron in the sun give therefore no evidence of a. radial circulation of the solar gases, 
nor of any relative movement compared with the arc lines. An upward compensating movement is of course 
not excluded by this result ; it may be that the hotter ascending gases do not give appreciable absorption 
lines, the emission being of the same intensity as the background of continuous spectrum. The enhanced 
lines in eclipse spectra may in fact represent the ascending gases, while the enhanced absorption lines in the 
Fraunhofer spectrum, in common with the arc lines, represent the falling gases. If this were so, each enhanced 
. absorption line would have an emission line on its more refrangible side when observed at the centre of the 
sun’s 'disc ; but it would be difficult or impossible to detect this if it were nearly equal in intensity to the 
continuous spectrum. 

The question whether there is such a radial circulation of the .solar gases, and whether the general 
movement of recession is radial to the sun or radial to the earth, can probably be determined by observations 
made across the disc from the centre towards the limb, since if the movement is radial to the sun, and part of 
. a general circulation, the line-of -sight component of this motion should decrease to zero at the limb, the 
wave-lengths of the lines decreasing proportionately with the cosine of the angular distance from the centre, 
-Observations of this kind are now being made, and the results will be x^ublished in a subseqxient Bulletin. 


The Observatory, Kodaikanal, 
29 th April 1916. 


J. .EVERBHED. 

A. A. NARAYANA AYYAR. 




MAJDBAs: PEINTJCD BY THJB StlPKBIKXiiNDENT, GOTKRNAINT PBEBa — 1915. 




BULLETIN No. XLVII. 


SUMMAEY OF PKOMINENOE OBSEEYATIONS FOE THE FIEST HALE 

OF THE YEAE 1915. 

Visual observations of prominences were practically con-fined to displacements of the hydrogen lines 
and to metallic prominences and the photographs were relied on for position angles, heights, and areas of 
prominences. 

The distribution of prominences observed and photographed during the half-year ending June 30, 1915, 
is represented in the accompanying diagram. The full line gives the mean daily areas, and the broken line 
the mean daily numbers for each zone of 5° of latitude. The ordinates represent tenths of a square minute of 
arc for the full line and numbers for the broken line. The means are corrected for partial or imperfect 
observations, the total of 173 observing days being reduced to 163 effective days. 


Mean areas and mean numbers op prominences. 



i 
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The mean daily areas and daily numbers corrected for partial observations are as follows : 



Mean daily areas 

Mean daily 


(square minntes). 

numbers. 

North 

.. 2*59 

10*83 

South 

2-68 

10*60 


Total ... 5'27 

21*43 


The mean daily area is the largest recorded since 1908. Compared with the previous six months the mean 
areas have increased 59 per cent, and the mean numbers 19 per cent. The distribution in prominences is similar 
to that obtaining last year ; there is a belt of great activity between 45° and 55° beyond which the activity 
diminishes towards the poles and remains nearly constant to the equator. 

The monthly, quarterly and half-yearly frequencies and the mean height and extent are given in the 
iollowing table. The frequencies are derived from the number of effective days. 


Abstract for the first half cf 1915. 


Month, 

Number of days of 
observation. 

Number of 

Mean daily 

Mean 

Mean 

Total. 

EfEective. 

promiliencas. 

freqnenoy. 

height. 

e^ut. 

1916. 





0 

0 

January 

28 

27 

667 

20-6 

82 '8 

8-04 

I'ebruaiy ... 

28 

27 

581 

21-6 

29-8 

8-29 

March 

31 

80 

661 

21-7 

80’1 

4*28 

April 

30 

80 

665 

21'8 

81-7 

8*68 

May 

81 

80 

687 

21-2 

81-6 

8-68 

June 

26 

19 

481 

24-8 

811 

2-80 

I'irsb quarter 

87 

84 

1789 

21-8 

8C-6 

8-67 

Second quarter 

86 

79 

1728 

21-8 

81-6 

8-49 

First half. year 

178 

168 

8512 

21-6 

81-0 

8-68 


has therefore been maintained during the first linif of 1915 ; 
there is however now an increase in frequencies as well as in areas ; the mean height is the same as in the 
fl^nd half of 1914 but there is an increase of 89 per cent, in the mean extent. 

Distribution ea^t and west cf the mn^s aayis. 

I^ominehce numbers show a slight and areas a large decrease in the percentage at the eastern Hmb ; in 
there Is a preponderance at the western limb which was most marked during May and June. The 
distt^^bution was as follows t — 



1915 January to June. 

East. 

West. 

Peroentage east. 



Nunihew ohservad ... 

1768 

1 

1744 

60*81 



: Totul 4Pea« in sqnare minutes of arc 

4188 

4410 

48-68 
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Metallic prominences. 

The following metallic prominences were recorded in the half-year : — 


Table I. — List of metallic prominences. January — June, 1915. 


Date. 

Hour 

I.S.T, 

Base. 

Latitude. 

Limb. 

IT eight. 

North. 

South. 

1915. ‘ 

H. M. 

0 

0 

0 


// 

J an*aary 1 

8 64 

2 

22 


W 

16 

3 

8 34 


20 


W 

26 

6 

8 9 

id 

21*5 

... 

w 

125 

18 

9 30 

5 

19*6 


w 

25 

15 

8 69 

4 

63 


E 

40 


10 8 


26 


B 


February 7 

9 6 

6 

28 


1 

60 

8 

9 30 

4 

25 

... 

E 

66 

9 

8 48 


in 


E 

25 

13 

9 10 

3 

. « « 

21*5 

W 

50 

14 

8 46 

... 

... 

26 

W , 

60 

19 

9 4 

... 

... 

18 

w 

10 

21 

8 22 

6 

20*5 

... 

w 

80 

26 

9 2 

12 

V 

23 

E 

136 

March 8 

8 42 

19 

22*6 


W 

46 

14 

8 33 

... 


19*6 

E 


18 

9 20 

... 

vi‘5 


W 

60 

April 2 

8 20 

7 

23*6 


E 

4,5 

4 

8 4.5 

9 

24*5 


W 

26 

11 

8 4u 

8 

16 


w 

30 

12 

8 26 

19 

80*6 

... 

w 

60 

17 

i) 0 

8 


20*6 

w 

15 

27 

8 20 

13 

13-5 

... 

B 

20 

May 8 

8 80 

8 

17 


W 

106 

20 

7 66 



si'S 

W 

30 

21 

8 57 

... 

20 


B 

55 

22 

8 62 


18 


B 

60 


62 


25 


E 

60 

June 4 

8 35 


17 


W 

60 

6 

1 8 45 

... 

18*6 


W 



Lines reversed. 


Di, Da, 5316‘8, bj, ba, bj, b^, 4924.-1. 

Da, bi, ba, bg, b^, bright over 5°. 

Dj, Da, bi, ha, bg, b^. 6677 and 6316'8 yery 
bright at base. 

Dj, Dg, bi, bg, bg, b,i, 6316’8. 

Di, Dg, bj, bg, bg, bit. 

Two bright points in chromosphere. Dj, Dg, bi,. 
t>2. bg, b4, 6677, 7065 bright, last two being 
oonspionons. 


Di, Dg, bi, bg, bg, b^. 

Di, Dg, bi, bg, bg, b4, 6677, 6316'8, 6283*8 pronai— 
nonoe seen in 6677 and D’s and b’s. 

I>i> D2, bi, bg, bg, b*. 6816*8, 6677. 

®.i> ^2) bi, bg, bg, bi. 

Di. Dg, bi, bg, bg, bi. 6677, 6816*8, 4924*1, 

5288 8, 5281*9. 

Di, Da, b,, ba, bg, 64, 6677, 5316 8, 4924*1, 

5535 06. ’ 

Di, Da, bi, ba, bg, 64, 6677, 6636'06, 6316*8, 
5361*8, 5284*3, 6276*2 very bright. 

Di, Da, bi, ba, bg, 64. 


Di. Da, bi, bg, bg, b4, 6677, 6816*8, 4924*1, whole' 
prominence seen in D’s and b’s, 

Dll Dg, bj, bg, bg, b.). 

Di, Dg, bright near base. 


Di, Da, bi, bg, bg, b4, 6316*8. 

Dj, Dg, bj, bg, bg, b.i, 6316*8. 

Di, Dg, bg, bg, bg, 1)4, 6316*8, 4924*1. 

Di, Dg, b^, bg, bg b4, 6316*8, 6276 2, 4924*1, 

6677, 7066. Pruminenco was 20"’ high at 
+ 31° W. in D’s and b’s. 

4924*1, 6018*6, bx, bg, bg.bj, 6188*9, 6197*8, 
6204*8, 6206*2, 6208*7, 6226*7, 5227*4, 6234*7, 
6265*0, 6269*7, 6276*2, .5284*2, 5316*8, 5363*0, 
5636*0, Di, Dg, 6677. 

Di, Dg, bj, bg, bg, 64, 5316*8. 


Di, Dg, bj, bg, bg, 64. 

Di, Dg, bx, bg, bg, bi, bright at base. 

Di, D2,bi, bg, bg, 1)4, 5316*8, 5276*2,6677, 7066, 
6016. Prominence seen over a height of 26" in. 
bj, bg and bg, and over 15" in the other lines. 
Two briglit portions at these points were 
\ ^'2, bi, bg, bg, bi, 6677 and. 


Di, Dg, bi, bg, bg, bi, 6677, 7065, visible over 26" 
in the first five lines. 


Di, Dg, bi, bg, bg, bi- 
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Disfplacements qf the hyd/rogm lines. 
Partioulars of these disturbances ore given in the following table : — 


Tablb II. — Displaoimhnt of tele C ldth in prominbnohs. Jantjaet — June, 1915. 






Latitude. 


Amount of displaoemeut. 


Pate. 


Hour. 



Limb. ' 



Eemarks. 


I.S.T. 










N. 

s. 


Bed- 

Violet. 

Both ways. 


1016. 


H. 

M, 

0 

0 


0 

0 

A. 

0 

A. 









A. 




Janaazy 

1 

8 

64 

28 


W 

2 

2 



2 

8 

48 

60 


1 


Slight 



' 



48 


69’6 

W 

Slight 







66 

88' 6 


W 


0-6 




3 

8 

44 


66 

w 

2 







84 

20 


w 

Slight 







25 

76'6 


w 

Slight 


At top of prominenoe. 


4t 

9 

2 


21-6 

E 


0-6 


No prominenoe. 




18 

22 


w 



Slight 

0 


6 

8 

44 

87'6 


w 

Slight at to-p 

Blight at base 

1*6 A to red at top at 9^ 26°' 




44 

28 


w 

2 



2 1. to red and 2A to 



s 








-riolet at 9^ 62“ j about 8 
A to violet over the stream- 











era at 8h 67“ ; 4 A to red 











at 9^1 4“. At 9^ 24” top of 
Btreamera displaced to red 
for about 1*6 A, bottom 



9 



79 

30 

w 

w 

w 




to -riolet. 


7 

5 

10 

17 

28' 6 

0-8 

Slight 

8 


No prominence. 

Over -whole prominenoe. 


9 

8 

30 


28 

w 

1 



No prominenoe. 


10 

10 

10 

73-6 


B 

0*2 



Do. 


IS 

8 

68 


88 

B 

1-6 







60 


70-6 

B 


1 




IS 

9 

20 

16'6 


w 


2-6 


At top of prominenoe. 




80 

20 


w 

1*6 





14 

9 

SO 

18 

8-6 

B 

1 



At base of prominence. 




46 


w 

2 




16 

10 

8 

76 


B 

Slight 






8 

69 

63 


B 

Slight at base 

Blight at top * 


* At -1- 61*' B. and + 66® B. 



10 

8 

25'5 


B 

Slight 

0*6 


At two different points in 





18-6 


B 

Do. 



chromosphere. 




11 

16-6 


B 

Do. 






so 


36’6 

B 

Do. 



No prominenoe. 



9 

68 


81'6 

W 


0-6 



18 

8 

42 

80-6 

44 

B 


Blight 


At base of prominenoe. 


28 

8 

26 


B 

Slight 






26 

78-6 


B 

Slight 






42 

87 


B 


0-6 


At base of prominenoe. 




46 


6-6 

B 

Sb'ght 

0-6 


No prominenoe. 


26 

8 

46 

60 


W 

Do. 






48 

67 


w 

0-8 





28 

8 

46 


66 

w 

0-6 



At base of prominenoe. 


29 

8 

50 


75 

B 



Slight 


80 

9 

0 


16-6 

B 


1 





0 


19'5 

. B 


1 




81 

8 

30 


20-5 

B 


1-6 






SO 


27-6 

B 


1-6 



■February 

1 

8 

41 

29 

22 

B 

Slight 

Slight 




8 

24 

4*6 

W 



At top. 


3 

20 


B 


0'8 


Do. 




27 


49 

B 


0-6 






27 

75'6 

68 

B 

Slight 




■ ■ ■ 



46 


W 

0-4 


Amount 1*Q A at 8^ 46”. 


■ 'it 

8 

86 

88 


B 


0-6 




9 

18 


18-6 

B 

0.5 






8 

61 


27 

W 


0-2 






44 

66 


W 


0-6 




5 

10 

60 


18-6 

B 



0*4 




11 

0 


57-6 

W 


Slight 




6 

8 

69 

84 


w 


0-6 





9 

2 

28 


B 


2 





9 

80 

26 


B 

8 







S 


64-6 

B 


1 











1 1 : 



February 



Latitade . 


N. S. 






1 at base 


Slight at base 


Slight at top 


Both. ways. 


O 

A. 


At top (7S"), 
4t top (15"). 

Gone at 88™. 


Slightly changing in, shape 
and amonnt. 


Displaced portion dataohod 
from 0 line at 8^ 59™. 

At top (about 25"). 


1‘5 A to violet at 88™. 


At top (30"). 


Amounts mnoh smaller at 
9h 19'". 


1 at base 


8 

42 

8 

26 


46 

8 

59 


66 

9 

4 

8 

38 


88 


30 

9 

8 


27 


27 

8 

55 


62 


49 


43 


43 


40 



Slight at base 

1 


1 

at base 
Slight 


At top (25"). 
At top (40"). 


At top (60*). 
At top (30") 


f Rapidly 
At several places j obang- 
o C ing. 

At 8h 83™ 0'3 A to violet. 


G one at 9h 80™. 


At top (60"). 
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Dote. 


1016, 


Maioh 


13 

14 

16 

18 

19 


April 


20 

21 


23 


24 

26 


26 

27 

29 

1 


6 

7 

8 

la 

S'5 






Hoar. 

I.S.T. 

Latitude. 

N. 

S. 

H. M. 

O 

0 

8 80 


62 

88 


21 

8 S3 

' 

10-6 

24 


22 

21 


4-5 

8 40 

22 


82 


60 

32 


68 

62 

17 


8 26 

76-6 


8 

42 


£8 


78*6 

14 


64 

8 SO 

78 


68 

14 


68 


47-60 

68 


62 

86 

16-5 


84 

54 


8 20 


46-5 

8 4 

28 


26 


62-6 

8 21 

88 


27 


86 

24 

42*6 


8 SO 


68-6 

8 37 

18 


88 


21 

28 


47-6 

63 

70*6 


9 6 

22 


8 66 


66 

32 

27 


8 42 

84*5 


8 40 


48 

9 2 

48 


8 SO 

62 


29 

66 


9 4 


26 

7 


72 

8 66 


41-6 

47 

19 


88 

48-6 


34 

78 


8 27 

82 


28' 

4 


89 


70 

41 


82-6 

17 


74-6 

86 

80-6 


8 83 

66-6 


87 

49-6 


00 

42 


86 


62 

8 87 

66 


8 69 

66 


67 

44*6 


■67 - 

42'6 


y -..; 8.- -ir 


69 

88 


14 

y 20 

18 


fe-vy 



'®#'y. 'y 
















Limb. 


W 

W 

m 

w 

w 

E 

E 

E 

W 

E 

E 

W 

W 

E 


W 

W 

W 

W 

E 

E 

W 

B 

W 

W 

E 

E 

E 

E 

W 

w 

w 

w 


w 

E 

E 

E 

E 

W 

W 

W 

w 

E 

E 

E 

W 

W 

w 

E 

E 

E 

E 

E 

E 

E 

E 

W 

W 

W 


Amonnij of ^isplaoemeat. 


Bed. 


Slight 

Slight at base 


0-6 

Slight 

Slight 

1 

Blight 


O’S 

08 


Slight 

blight at top 
0*6 

Blight at base 


0*6 


0*6 

at top 


0-6 

at base 
0-6 


Violet. 


Slight at base 
Slight 
Slight 
0*6 

Slight 

2 

1 at baee 2 at 
top 


0- 4 

1 - 6 

Slight at base 


Slight at base 
Blight 

1 

2*6 

Slight 

Eo. 

0’6 

at base 
Slight 
Do. 

Slight 

Do. 

1 


Both ways. 


Bemarks. 


At several points. 
At two poiats. 


In two places. 


At top (40"). Nothing at 
8h 64m., 


Blight at base 


Slight at base 


0*6 

Slight at base 
1 


0*6 

1 

0*6 

Slight at base 

1 

2 

0*6 


Slight at top 


Slight 


Blight 


Slight 


0*6 

Slight 

Do. 


Slight 


At top (30"). 


Over 8“. 


At top (46*). 
At top (80*), 


At top of prominence (f 
displaced to red b^ 
amount ranging from 8 A 
to 4 1. from + 37 W to» 
+ 27 W j 0 was also dis--. 
placed to violet for 2 ^ 
at + X9 W ; no disidaob^' 
ment to red at 9^* 2“. 
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Latitude. 


Amount of diiaplaoement. 


Eemarks. 


Tiolet. Both ways. 


8 22 

8 24i 
18 
33 

8 26 
24j 
33 

9 13 


38 

8 20 
13 
8 

8 40 


Slight 
0’5 at base 
Slight 


Over upper half of j)ro- 
minenoe (25"). 

’ O 

displaced 1 A to redi 
at 9’' O'". 

Over whole promineuoe. 


8 60 
8 10 


Slight 

Do. 

1 

over upxjor 
half of promi- 
nonoe. 

1 


0-6 

2 at top 
Slight 


near base 


Disappeared at Im. 


39 
24 
21 
8 52 

33 

8i) 

8 40 


Over the streamer, 

Over the whole height. 
(85"). 

Gone at 8h 26m. 

Over the streamer. 




35 

8 42 

0 

38 

88 

9 1 
10 
12 
47 

8 9 

8 44 

8 47 

8 27 


D 

0'5 

H 

Slight 

W 

0-5 

w 

0-5 

B 

Slight 

B 

Do. 

W 

B 

I 

Slight 

E 

j 



on upper part 
of promi- 
nence. 

1 at base 


0'5 A both ways at 8h 45m , 
At two points. 

Nothing at 8h 40m, 


Hour. 

I.S.T. 


Latitude, 


Limb. 


Amoimt of displaoement. 


Biemarks. 


L916. 




N. 


10 

18 

14 


11 


20 


21 


22 


28 


24 


27 


Ml- 




H. M. 

8 47 

417 
54 


69 

86 

28 

28 

42 

27 
88 

0 

8 

22 

20 

61 

45 

2 

42 

28 


11 

10 




89 

88 

28 

66 

67 

6 

7 


11 

18 

49 

43 
60 

48 

44 
42 

50 
6 

67 

3 

6 

26 


16 

1 

66 

62 

46 
46 
11 
86 
43 
86 
84 
48 
60 
64 
66 
88 
62 
.46 :■ 


62 


16 


14-6 

70 

16 


60-6 


26 

17*6 


77 

25 




11-6 

10 

8'6 


17 

206 


36-89 


86’6 

88 


16-22 

68 

86 


66 

86 

40 

17 

01’6, 


66 

71 

28 

17 


66'6 


67 

78 


s. 


Bed. 

Yiolet. 

0 


0 

A 

O 

A 


B 


1 

8 

B 

Slight 


44 

■ B 

0-6 

0-6 



southern part 

northern part 



of promi- 

of promi- 



nence. 

nence. 

86 

W 

Slight 

Slight 

67 

w 


Do. 

68 

B 


Do. 

78 

W 

Slight 



w 


0-6 


B 


1 


w 

SUghb 


86 

1 


Slight 

86'6 

w 

Slight 


84 

w 


0-6 


w 


0-6 


B 

Slight 


85 

w 


1 

73*6 

w 


1 

2-6 

w 

1 



B 


1-6 


B 


1 

68 

B 

Slight 


82 

B 


Blight 

66 

W 


Do. 


B 

Slight 



■ B 

1 


8 

B 


Slight 

2‘6 

B 

Slight 

Slight 



at top. 

at base 

62-6 

B 

0*6 


78-6 

W 


Slight 

60‘6 

W 

0-6 



w 




B 

0>6 

1 


B 

0-6 


62*6 

B 


0’6 

60'6 

B 

Slight 


77*6 

w 

1 



W 


1 


1 

1 


86 

B 


Slight 

80 

W 


1’6 


W 

4 




over whole 




height. 



B 

Blight 



E 

2-6 


86 

B 

Slight 


49 

B 


0-5 




at hase, 

68*6 

W 


Slight 

66*6 

W 

Blight 



W 

Do. 



E 


1 


B 




B 

B 

W 

w 

w 

w 

B 

W 

w 

w 

B 

w 


Slight 

Slight 

Slight 

Slight 


Slight 

Do. 

06 

0*6 

Slight 

Do. 

0-6 

Slight 

Do. 


Both ways. 


Northern end 


Over the whole of northern 
prominence. 


Over the whole height 

( 66 »). 


Slight 


Over the whole height 

(6(y0. 


Over the streamer. 


Slightly displaced to violet 
over the rest of the 
aroh. 

Nothing at 8k 16i3a. 


At two points at the hate. 


smiasii 
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Date, 

Hour. 

I.S.T, 

Latitude. 

Limb. 

Amount of displacement. 

Remarks. 

£T. 

S, 

Red. 

Violet. 

Both ways. 

1915. 

H. M. 

0 



0 

A. 

1 

0 

A. 

1 

A. 


Jnne 4 

8 36 

22-6 


W 


0'6 




28 

20 

1 

W 


15 




28 

24 


w 


1 



6 

8 37 

86-5 


B 


Slight 




39 


55 

W 


Do. 




43 

18-6 


w 

2 

1 


Only slightly to violet and 









nothing to red at 8h 46'". 

8 

8 25 


40-6 

B 


Slight 



11 

8 42 


27‘5 

B 


0‘5 


Gone at 8h 440 ^ 1 . 

12 

10 5 

2 


E 


Slight 





1 




at base. 



14 

8 62 

19-6 


B 

1-5 





38 

48 


W 

Slight 




18 

8 50 

52-6 


B 

0*5 



On the detached part of 









prominence. 


48 

14'5 


B 

Slight 

1 




There was a large increase in the number of displacements compared with the previous half-year. In the 
northern hemisphere there were 184, in the southern 141 ; in the eastern hemisphere there were 178, in the 
western 147. One hundred and eighty-five displacements were to the violet, one hundred and fifty-two to the 
red and sixteen both ways simultaneously. 

Between 0° and 30° of latitude there were one hundred and twenty-five displacements, between 31° and 
60° one hundred and one, and between 61° and 90° ninety -nine. It is noteworthy that during the past spot 
minimum the greatest number occurred between 61° and 90°. 

Efiversals and Displacements of the G line on the Disc. 

Two hundred and eleven reversals of the 0 line, sixty-six darkenings of the Ds line, and one hundred and 
five displacements of the 0 line were observed near spots. This is a large increase on the previous half-year. 
The following table gives their distribution east and west of the central meridian : — 

East. West. 

Reversals of 0 near spots 106 105 

Darkenings of D 3 37 29 

Displacement of 0 ... 51 54 

There was a large preponderance of displacements to the red, 72 being towards the red as against 23 to the 
violet. 

Prominences projected on the Disc as Absorption Markings^ 

The grating spectroheliograph for photographing the absorption markings in hydrogen light was in regular 
use during the six months. Photographs were obtained on 123 days which were counted as 105 effective days. 
There has been a large increase in the number of absorption markings observed ; this increase began in the 
second half of 1914. The mean daily areas in millionths of the sun’s visible hemisphere corrected for fore- 
shortening and for imperfect observations and the mean daily numbers are compared in the following table with 
the recent half-years for which complete information is available : — 



1912 Jan.— June 

1912 July — Deo. 

1913 Jan. — June 

1913 July — Deo, 

1916 Jan.- Jnne. 

Areas. 

Numbers. 

Areas. 

Numbers, j 

Areas. 

1 Numbers. 

Areas. 

Numbers. 

Areas. 

Numbers. 

North 

81 

0-39 

66 

0'82 

44 

0-24 

24 

0-28 

768*2 

3*8 

South ... ... 

262 

1‘07 

382 

1-28 

84 1 

0'56 

36 

0-80 

607 '4 

3*4 

Total ... 

333 

1'46 

438 

1-60 

128 

0-80 

60 

0-68 

1875*6 

7*2 
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Besides the usual maximum between 50° and 60° corresponding with the prominence maximum there is a 
pronounced TYifi.~giTrmTn near 30° both north and south due to prominences in sunspot latitudes ; this maximum 
■occurs at about 10° higher than the spot maximum, but the activity tends to vanish towards the equator in 
agreement with spot activity. The occurrence of a prominence maximum near 50° and almost complete absence 
of increased activity near 30° is not due to any essential difference in the nature of dart Ha markings in these 
two regions, but the predominence of the prominence maximum at 50° is well accounted for by the two facts 
that in these latitudes the Ha markings form a belt approximately parallel to the equator and that the speed 
■of rotation of the sun is slower ; both of these facts make the prominence due to an Ha marking in these latitudes 
endure for a larger number of days. 

There was a preponderance of Ha markings on the eastern side of the central meridian, the percentage 
cast being 56'50 in areas and 54‘62 in numbers. 

The Obseevatory, Kodaikanal, T. EOYDS, 

ISfh August 1915 . Assistant Director. 


[Price, 8 mnas.] 
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BULLETIN No. XLVIII. 


ANOMALOUS DISPEESION IN THE SUN, 

By T. ROYDS, D.So. 


In a recent number of the Astropliysical Journal Dr. Sebastian Albrecht claims to demonstrate the effect 
of anomalons dispersion in the sim.^ Employing the test of the mntnal influence of neighbouring dispersion 
bands he has obtained the solar displacements of the iron lines and finds that those lines which have a close 
companion on one side or the other are displaced in the sun in the direction predicted by the theory of 
anomalous dispersion. According to Albrecht’s results lines with a companion on the red side are, on the 
average, displaced to the violet in the sun by 0’007 A, for a mean ratio of intensities of 3 : 4 and a mean 
separation of 0‘24 A ; those with a companion on the violet side are displaced to the red by 0‘005 A, for a 
mean ratio of intensities of 8 : 9 and a mean separation of 0‘21 A. There is, therefore, a relative shift of ()’012 A 
between the two groups of lines. 

The method by which Albrecht has arrived at the solar displacements must, in my opinion, be regarded 
with suspicion. The displacements were deduced by comparing the solar wavelengths determined by 
Rowland^ with the, wavelengths in the iron arc determined in the laboratory. The process was to plot the 
differences betwe|n the solar wavelengths in Rowland’s Table and tlie arc wavelengths and to draw 
a mean curve through them to represent the systematic errors of Rowland’s table ; the residuals between the 
actual difference for each line and the curve were regarded as the relative solar displacements of the iron lines. 
There are sufficient examples in the history of spectroscopy to show the danger of attempting to derive 
displacements from differences in wavelength tables. Certainly one would expect this to be so in comparisons 
with Rowland’s Table. Rowland claims only an accuracy of ± O'Ol A in his standards, and there are reasons to 
believe that this is an under-estimate of the errors. Kayser thinks that quite apart from the mistake in the 
absolute values, the error is generally about ± ()'02 A,'‘ and that the systematic error cannot be determined 
within ± O'Ol A.® It therefore seems to me that residuals generally less than O'Ol A cannot have much real 
meaning and I think the comparison with displacements given in this paper shows that even the average of 
a fairly large number of residuals has little significance. 

The solar displacements can be obtained in a direct and simple manner by comparing the solar and arc 
spectra simultaneously on the same plate and measuring directly the shift between the two ; after eliminating 
the motion of the earth relative to the sun, the true sun-minus-arc displacement is given. There can be no 
cavil against this procedure and the superiority, if not absolute necessity, of direct comparison methods in 
order to obtain displacements need not be elaborated here. If, then, Albrecht’s residuals, containing perhaps 
innumerable unknown errors, evidence a real relative shift of 0'012 A between solar lines according to the side 
on which the companion lies, it is clear that the direct method of o|^erving displacements, free from the errors 
involved in wavelength determination, must render the shift unmistakeable and free from doubt. 


^ S. Albrecht, Astrophysical Journal, XLI, 333, 1916. 

“ Rowland, Preliminary Table of Solar Spectrum Wavelengths. 
8 Rowland, Physical Papers, p. 657, 

Kayser, Handbuch der Spectroscopie, Vol. YI, p. 887. 

® Kayser, Handbuch der Spectroscopie, Yol, YI, p. 888. 
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The stin-mintLS-arc displacements of the iron lines have been measured by various observers. Using the 

determinations of Evershed and Royds,^ the sun-minus-ai'C displacements were compared with Albrecht’s 

residuals for all lines common to their and Albrecht’s lists. As all the data on which this comparison is based 

has already been published in tbe papers referred to it will suffice to list the lines used. They are given 

below : — „ ^ 

Table I. 


Fe lines with companion to the red, 

Fe lines with companion to the -violet. 

3706-708 

... 4707-457 

3680-069 

4592-840 

3736-014 

4938-997 

3737-281 , 

4787-(X)3 

4191-595 

... ... 4967-480 

.3887*196 

4789-849 

4210-494 

6005-896 

3895-808 

4872-332 

433?216 

5107-619 

3969-413 

4957-785 

4454-652 

5139-427 

41.32-235 

5006-306 

44^1-818 

5196113 

4134-840 

5098-8a5 

4637-685 

5328-236 

4144-038 

6107-823 

4679-027 


4191-843 

51.39-644 



4227-606 

5167-678 



4233-772 

5227-362 



4308-081 

5371-734 



4315-262 

6447-130 



4427-482 

5456-834 



4531-327 

5616-877 


The sun-minus-arc displacements were obtained using an arc in air at a pressui’e of three-quarters of an 
atmosphere, whilst Albrecht has made use of wavelengths in the arc in air generally at atmospheric pressure, 
reducing them to wavelengths at half an atmosphere which he supposes to approximate to the solar pressure.^ 
It is immaterial for the present purpose to whichever of these pressures the arc wavelengths are reduced, for 
the relative shift (column 4 in Table II) of the t-syo groups of iron lines remains practically unaffected. 

The means for the iron lines listed in Table I are given below in Table II, 


Table II. 

Relative Shift of the two groups qf Iron Lines, 



— ' 

17 Fe lines 
with companion 
to red. 

30 Fe lines 
with companion 
to violet. 

Relative shift. 

M 

Albrecht’s residuals * 

— 0-0069 A 

+ 0-0052 A 

+ 0-0111 A 

li' 

OQ ” 

Snu-arc displacements 

+ 0-0039 A 

+ 0-0068 A 

+ 0-0029 A 

'O . 

li 

Albrecht’s residntds * 

- 0-0086 A 

+ 0-0079 A : 

+ 0-0166 A 


Sun-arc displacements , 

+ 0-0032 A 

-f 0-0079 A 

+ 0-0047 A 


The first section of the table gives the straight means and the last section the weighted means according to 
the weights assigned by Albrecht to each line. It is seen that whilst Albrecht’s indirect method gives a relative 
shift of O'Olll A (straight mean), or O'OlfiS A (weighted mean), the direct method gives values only one quarter 
of these amounts but in the same direction. Consequently the results of Albrecht showing a large effect of 
’anomalous dispersion in the sun are mainly, if not entirely, fictitious. It should be pointed out that the lines 
the above least favourable to Albrecht’s, conclusions since the relative shift 

aeeor^ng to is not less for the lines used than that obtained by using the whole number of lines 

in his tables, wfeixdi was (direct mean), or G'OlfiO (weighted mean). 

: A AodwScanal Qbae^ Bahetin, Nos. y.XX- VX, XXX V HI and XXXIX ^ The experiments with the short arc ^ 
hayaUc^beeht^^-ihlO . ■ 

, •; This value lor the solar pressure results from igaoring the density effect, See Kodaikanal Observatory Bulletin., Ifo* ■ 

* Aibre<ht’a; signS; h^ve^h^ to agree with the dheotion of the supposed diSplwement, ' ; ; 
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There is, however, even in the sun-minns-arc displacements a small relative shift amounting to 0‘0029 A 
(direct mean), or 0'0047 A (weighted mean) in favour of the anomalous dispersion theory. Whether this small 
amount has any real significance is doubtful. It is larger than the shift to be expected from the difference in 
the average solar intensity of the two groups of lines, but so small a shift unless based on a large number of 
measurements cannot be regarded as independently establishing a physical property of the sun’s atmosphere. 

Although Albrecht’s complete discussion of the systematic differences between Rowland’s Table and the 
International System has not been published, it is already possible to enunciate some objections to the procedure 
on which his recent article depends. In reducing the arc wavelengths for comparison with solar lines Albrecht 
has ignored all solar conditions producing changes in wavelength except pressure. Firstly and most important, 
there are at the centre of the sun’s disc, Doppler displacements discovered by Evershed ^ which are not constant 
but vary from line to line according to the effective depth of its origin in the reversing layer. Hoav far this 
fact has affected the curve of systematic errors it is impossible to say without a detailed examination. Secondly, 
it has been shown that lines widened unsymmetrically in the arc are displaced in the sun relative to the symmet- 
rical lines in a way which cannot be explained on pressure hypotheses. ® However, this fact probably does not 
seriously affect the relative shift of the lines with close companions, as was pointed out previously. 

Again, Rowland’s exact procedure in deriving the wavelength of a particular solar line is not definitely 
known. In the extreme case of lines unresolved in the solar spectrum it is manifestly impossible to obtain the 
exact solar wavelengths of the components. Yet these lines are assigned high weights by Albrecht. 
One can only conceive that Rowland has in these cases determined the arc wavelengths, applying an uncertain 
correction to reduce to the solar standards. If so, how is it possible to attach any significance to Albrecht’s 
residuals for such lines ? If Rowland’s values for unresolved lines really represented their true solar values 
the relative separation of the cyanogc'.n lines l)etween 3872 and 3880 in Rowland’s Table and in the arc would 
be an excellent test for anomalous dispersion in the sun, since the lines are very close together, of equal 
intensity and not complicated by pressure shifts ; but since we do not know what Rowland’s values really 
represent it seems to me useless to make the comparison. 

There are many difficulties in the way of accepting claims to demonstrate the existence of anomalous 
dispersion in the sun. It has been pointed out that if a Fraunhofer line is really enveloped in a dispersion 
band there should be, where the effect is expected to exist, a dissymmetry of the two edges of the line, producing 
a distortion which is not to be seen in the sun. ^ Further, Albrecht claims to show that the mutual 
influence of Fraunhofer lines exists when the separation amounts to as much as 0‘5 A. The limit of any disper- 
sion band present in the solar spectrum must extend less than O'l A from the centre of the line for the 
majority of lines and less than ()'05 A for many ; it is difficult to see how two such lines brought to 0*5 A apart 
could possibly influence each other. 

The following conclusions are drawn from the above : — 

(1) The residuals between Rowland’s Table and arc wavelengths cannot be trusted to represent relative 
displacements. 

(2) When the actual sun-minus-arc displacements are substituted for Albrecht’s residuals the relative 
shift between the two groups of solar lines having a close companion on one side or the other is too small to 
establish anomalous dispersion in the sun. 

I wish to express my indebtedness to the Director, Mr. J. Evershed, F.E.S., for many suggestions. 

The Observatory, Kodaikanal, T. ROYDS, 

29th October 1915. Assistant Director. 


^ Evershed, Kodaikanal Observatory Bulletin, No. XXXVI. 
® Boyds, Kodaikanal Observatory Bulletin, No. XXXVIII. 

® Evershed, The Observatory, 37, 388, 1914. 
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ON THE CHANGE OF WAVE-LENGTH OP THE lEON LINES IN PASSING 
PROM THE CENTRE OP THE SUN’S DISC TO THE LIMB, 

By J. EVERSHED, F.R.S., AND T. BOYDS, D.So. 


Following on our researches on the displacements of the solar iron lines at the centre of the sun’s disc and 
at the limb, we now give the results of measures of the change of wave-length of some selected lines in passing 
from the centre of the disc to the limb. 

It has been shown in Kodaikanal Observatory Bulletin No. XXXIX that if we select certain lines of iron 
which in the arc spectrum are not subject to the density shift near the negative pole, and compare them with 
the same lines at the centre of the sun’s disc, a total of 4:5 lines gives an average displacement of + 0-0094A, 
whilst near the limb the displacement of the same lines is + 0-0150 A, showing a difference of shift, or 
increase of wave-length, in passing from the centre to a point about one-thirtieth of the radius inside the limb 
of 0-005 6 A. The question whether this increase occurs gradually or suddenly as the limb is approached is a 
crucial one with regard to the hypothesis which ascribes the limb shift to a difference of pressure between the 
effective regions of absorption at the centre and at the limb ; and the form of the curve representing the change 
of wave-length between centre and limb should also throw light on the question whether the redward shift at 
the centre of the disc is due to a downward movement radial to the sun. 

In many individual cases the difference of wave-length between centre and limb is much greater than that 
indicated above, and in others it is less. In the case of the lines at 6301-718 and 6302-709, which were used 
by Dim^r and Halm in their measures of the solar rotation, the difference exceeds 0-01 A. Unfortunately these 
lines are amongst those which are displaced near the negative pole in the arc, and we cannot state precisely 
what their displacement is at the centre of the disc. However, for the purpose of this investigation, we - have 
used these lines, and the line at 6280-833, as they are most conveniently situated with regard to the telluric 
oxygen lines of the a group, which form standards of reference from which the change of wave-length in the 
iron lines may be readily determined in spectra extending across the sun’s disc. In addition to these lines in 
the red, it seemed desirable also to measure some lines in the ultra-violet, which probably represent a much 
higher level in the solar atmosphere, and for which the limb — centre shift is much smaller. As there are no 
telluric lines in this region, it was necessary to impress upon the plates emission lines from an arc spectrunl to 
form standards of reference. 

The method is to project a small solar image on the slit of the spectrograph, centring it precisely so that 
the wide spectrum obtained represents a diameter of the sun. An exposure is then made, sufficient to give a 
Strong image of the spectrum of the more feeble light from the limbs ; and in order to reduce and graduate 
the exposure for the central parts of the image a small strip of metal is held in front of the slit and moved up 
and down by hand during the exposure. With this simple device only a small amount of practice was needed 
to obtain sufficiently uniform density in the photograph. 
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In regions of tlie spsctrnm. wliere there are snitable telluric lines, this procedure is all that is necessary to 
obtain photographs ^^hich will yield the required data. It is only necessary to measure the intervals 
separating the selected solar line from one or more telluric lines at the centre and at a number of points 
equidistant from the centre of the wide spectrum. The solar line will in general be inclined to the telluric 
lines by an amount depending on the latitude of the points of intersection of the slit with the sun’s limb, this 
inclination being of com^e due to the Doppler shift of the solar rotation ; but in addition the measures will 
show that the line curves slightly towards the red at each end, and it is the nature of this curvature that is the 
subject of this investigation. A. curvature in the same sense due to the action of the grating, being identical 
for both solar and telluric lines, does not affect the results. 

In the more refrangible parts of the spectrum, where there are no telluric lines, we have found the arc 
spectrum of iron to be the most suitable substitute, because the iron spectrum has been more studied than any 
other, and it is very necessary to guard against errors due to the displacements of unsymmetrical arc lines 
near to the poles, which one of us has ascribed to a density effect. In the long arc necessary to impress the 
plate right across the wide solar spectrum, the wave-length of certain lines will change considerably as one 
pole or other is approached ; but by selecting symmetrical lines, it seems safe to assume that the wave-length 
will remain constant at all points, especially as the further precaution was taken of moving the arc continually 
up and down along the slit during the exposure, and reversing the poles so that half the exposure was made 
with the negative pole near the upper end of the slit, and h alf near the lower end. A diflOLCulty in the use of 
the iron arc to determine the shifts of the solar iron lines is that the emission lines fall upon and obliterate 
the solar lines that it is desired to measure. This was overcome by the simple process of displacing the 
emission lines through a few angstroms by rotating the grating through an angle of one or two minutes of arc 
between the exposures on sun and arc. There is no danger in this procedure of changing the inclination of 
the arc lines. 

Ajppctratita . — The large spectrograph described in Kodaikanal Observatory Bulletin No. XXXVI was used in 
this research, the only modification needed being the provision of an adjusting and guiding arrangement in 
front of the slit to ensure perfect bisection of the sun’s image. A 3-inoh lens of 5-feet focus was mounted in 
the beam of light from the siderostat, and the small solar image (14 mm. diameter) was projected on the 
slit by a reflecting prism. Immediately covering the slit-plate there was mounted a thin plate of brass with fine 
circular concentric lines engraved on it of diameters approximating to those of the greatest and smallest 
diameters of the sun’s image. A slot about 1 mm. wide and 16 mm. long was cut in the plate along the 
vertical diameter of the circles to admit light to the slit, and the plate was then carefully adjusted by screws, 
so that the centre of the slot was coincident with the slit. To adjust the image concentrically with the circles, 
a telescope provided with a collimating lens is mounted so as to view the engraved plate, greatly magnified by 
the eye-piece. With the aid of the electric controls of the siderostat, the image viewed with the telescope may 
be kept as accurately concentric during an exposure as the definition of the sun’s limb will permit. 

Measurement qf the ^ectra . — ^As high resolving power and linear dispersion are necessary in dealing with 
wave-length differences of less than 0*01 A, the third and fourth orders of spectra given by the new Anderson 
grating were used, and these naturally involved rather long exposures both on sun and arc. Sixteen minutes 
were required to get dense images of the solar limbs in the third order red region, and ahnost as much in the 
fourth order violet at X 4380, where the dispersion is 2-4 mm. to the angstrom ; but in the ultra-violet at X 3928 
good images of both sun and arc were obtained with sis minutes’ exposure. In the third order red the linear 
dispersion is 2‘1 mm. to the angstrom, and in the fourth order violet at X 3928 it is also slightly over 2 mm. to 
tb^ angstrom. The resolving power, may be judged from the definition of the very homogeneous oxygen lines 
in the a group: the first line of this group, 6276-815 of Rowland, is barely resolved into two lines with 
separation 0.'030A ; and the line at 6278-303 is a clearly separated double with components at 6278-276 and 
6278-330, Apparently not much would be gained by further increasing the resolving power, since the iron 
lines suitable for measurement in this region vary from 0- 08 to 0- llA in width, and it is this, and the difiEusive 
■character of their edges, which sets a limit to the accuracy of the measures. 

The three lines measured in this part of the spectrum are all within the group of telluric oxygen lines, and 
are well adapted f or the positive on negative method of measurement described in Kodaikanal Observatory^ 
Bulletin No. XXXII. They have a large limb — centre shift, but probably a very small or even negative 


147 


centre --arc shift. For the line 6280 it is a small positive shilt but for the other two at 6301 and 6302 it is 
negative in all the arc and sun comparisons we have made, even when the centre of a long arc is used, bnt the 
nnsymmetrical nature of the lines makes it difficult to determine how- far this may be due to a displacement in 
the arc. 

At the other end of the spectrum we have taken, amongst others, the symmetrical Fe lines 3928’ 075 
and 3930-450, which have a small limb ■ — centre shift, but a large centre — arc shift. The narrow chromium 
line at 3928 783 was also measured, and the narrow spark lines of Fe and Ti at 4385-548 and 4387-007, which 
according to Adams have a relatively large limb shift for this part of the spectrum. For all but the red 
lines, the positive on negative method of measuring was found difficult to apply, and recourse was had to the 
ordinary method of bisection with a spider-thread, taking the mean results from the original negative and 
from a positive copy. 

For the measurement of these spectra, which have a width of about 28mm., a special cross slide provided 
with a millimetre scale was constructed for the micrometer, and for the positive on negative measures a cross 
slide had to be provided for botli positive and negative images. In either method of measuring, the plate or 

Fig. 1.-— Displacements op Fe lines ackoss sun’s disc. 
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plates haye to be moved across tbe field of view in the direction of the spectrum lines by successive measured 
intervals from one edge of the spectrum to the other, the field of view being limited to a narrow strip, either 
by a Tnnflir placed over the plate, of in the positive on negative measures by a mask placed in the eye- piece. 
The movement is made by a screw bearing on the edge of the sliding plate-carrier. 

As the change of wave-length in passing from the centre of the spectrum to the edge is most rapid near 
the edge, the 14 nmn. representing the solar radius is divided into 2 nun. intervals as far as 10 mm. from the 
centre, and thence into Inun. intervals, to 13 mm. The final measure is made at a point 0'25 mm. within the 
limb. In this way, including the measure of the central strip, a series of nineteen determinations of the 
relative positions of the solar and telluric, or solar and arc lines, is obtained, representing points on the sun’s 
disc the heliographic co-ordinates of which can be determined from the known position-angle of the slit at the 
time the plate was exposed. The measured intervals between solar and reference line, or their differences, are 
then plotted, and a smooth curve drawn, from which a small correction to the central interval is obtained, and 
the other intervals are freed from accidental errors of measurement and possible real irregularities of wave- 
length. This smoothing process might however have been omitted altogether without seriously affecting the 
TinftH.Ti results obtained from several plates : its main purpose is to get a corrected value of the wave-length at 
the centre of the disc, and hence more correct values of the shifts between limb and centre. There is some 
evidence of real, though unsystematic, irregularities of wave-length confirmed by the different lines on a plate, 
and amounting at the most to ± 0’002A. We give as an example of this the curves in fig. 1, representing 
the measures of the lines 6280, 6301 and 6302, on the date November 14, 1914. At 2 mm. east of the centre 
the wave-length of all three lines is in defect, whilst at the centre and at 2 nun. west it is in excess of the 
values derived from the smooth curve. As different reference lines were used for each of the three iron 
lines, this is good evidence of real variation, especially as the lines are best defined near the centre, and the 
variation is about four times greater than the probable error of measurement. 

However disconcerting such fortuitous irregularities may be, they are of interest in showing the slight 
instability of the lines of the solar spectrum, and the need for great caution in interpreting the results from 
a single plate in all researches connected with line displacements in solar spectra, and especially in solar 
rotation work. 

In the reduction of the measures it is generally necessary to compute the component in the line of sight 
of the rotation velocity for each point measured. At times when the solar equator passes through, or very 
near, the centre of the disc, this is not essential, since the plus and minus velocities on the east and west halves 
of the diameter then cancel one another : when, however, the sun’s axis is inclined to the direction of the 
earth there are appreciable differences, and although these are small, it was considered worth while to compute 
by an appropriate formula the corrections to be applied to the observed displacements in order to remove the 
effect of the Solar rotation entirely. A comparison of the observed and computed velocities could then be 
xised as a check on the general reliability of the measures. 

Adopting Adams’ formula for the sidereal solar rotation as correctly representing the change of velocity 
with latitude, the complete formula used for finding the component in the line of sight of the synodic rotation 
velocity at any position on the sun’s disc is : — » 

(1-507 cos 0 + 0-456 cos® 0 — C ) sin X. cos D, 

The latitude, 0, is determined graphically by plotting the positions of the measured points on the appropriate 
solar chart, of which the Observatory possesses an excellent set, carefully constructed by the Rev. Father 
Beaurepaire. 0 is the correction found from Dun^r’s solar tables for converting sidereal into synodical 
velocity. This is an unnecessary refinement, but its inclusion enables us to compare readily the observed 
with the computed line shifts. Sine X (the heliographic longitude) is obtained by the formula : — 
sine X = central distance X sine angle between sun’s axis and slit x secant 0 
T> is the inclination of the sun’s axis to the line of sight. 

In our experience during the years of sunspot minimum, the constants in Adams* formula generally give 
too large a value for the solar rotation ; but since we are only concerned here in finding the difference of shift 
between points east and west of the centre, any errors in these constants will have no appreciable effect. 

In fig. 2 we give a smoothed curve representing the measures of the line 6302, on the date November 24, 
1914 when the latitude of intersection of the slit and limbs was 37°-7, The curve of computed displacements 
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due to the solar rotation is also given, slightly displaced with regard to the other curve, to show the parallelism 
of the two near the centre, and their departure as the limb shift begins to be manifest. In this particular 
plate the results of the rotation shift are in remarkably close agreement with the computed shifts from Adams 
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formxila. In comparing these, we take the mean of the shifts at corresponding points east and west of the 
centre, both for the observed and computed shifts, in this way eliminating the limb shift. In table I we give 
the results for the three lines measured on the above date. In the mean values for the three lines the largest 
residual is only three in the fourth decimal, and the mean percentage difference about I- per cent txnder the 
computed values. 

Table I. 

Shifts of iron lines between centre and limb, due to component of solar rotation. 

In A\l0000. (0 at limb = 37°’ 7.) 


Central 

distance. 

6280 

, 6301 

6302 

Mean. 

Computed. 

0 

1 

Q 

Percentage 

diffrerence. 

MM 








2 

46 

45 

45 

45 

45 

0 

0 

4 

90 

87 

87 

88 

88 

0 

0 

6 

134 

130 

130 

131 

132 

-1 

-0’76 

8 

174 

168 

170 

171 

172 

~1 

-0'58 

10 

211 

208 

211 

210 

211 

-1 

- 0-47 

11 

233 

229 

231 

231 

234 

-3 

-P28 

12 

254 

249 

252 

252 

251 

+ 1 

+ 0-40 

13 

269 

269 

268 

269 

268 

+ 1 

+ 0'37 

13-8 

278 

282 

270 

277 

276 

+ 1 

+ 0'36 

Mean percentage difference 

— 0-22 


About the same order of accuracy is shown by the positive on negative measures of the tliiree plates 
obtained on November 14, 1914, but in these the mean rotation values are about per cent smaller than 
those derived from Adams’ formula. 
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These results serve to indicate the accuracy attained in the measurement of these rather wide lines by the 
positive on negative method. Measures have also been made of the same lines in other plates by the ordinary 
method, and by another measurer, and whilst the general form of the curve representing the shift across the 
disc is the same, there is a less satisfactory accordance in the rotation shifts. The same remark applies also to 
the ultra-violet lines measured in the ordinary way, the chromium line at 3928-783 and the Fe and Ti lines at 
4385-548 and 4387-007 giving the best results, on account of their narrowness and well-defined character. 

The stronger ultra-violet lines measured are those at 3928-075 and 3930-450. These give very small limb 
shifts, and in some plates it appears to be a negative shift : the displacement is towards violet instead of towards 
red. As these lines are rather wide, and the measures are difdcult, we have some doubt as to the reality of 
the negative shifts. It suggests a variability of the limb shift, of which we have indications also in some of 
the measures of the red lines. 

Results of the measures . — Leaving the question of the negative shifts for further investigation, we now 
proceed to give the results of the measures, after elimination of the rotation shift, and taking the mean of the 
east and west displacements. The diagram fig. 3 exhibits the mean change of wave-length between the 
•centre of the disc and the limb of the Fe lines 6280, 6301, and 6302. These are derived from four plates 



measured by the positive on negative method. The abscissae are here given in tenths of the solar radius, and 
the or^nates in angstroms. ^The latitudes of the points of intersection of slit and limbs varied between 26°-4 
and 41 • 2, the mean being 35°- 6. The plates were secured on dates November 14 and 24, 1914, under practically 
perfect atmospheric conditions. 

The outstanding feature of the curves iS' the small distance from the centre at which the limb shift begins 
■ 0 manifest itself. This begins at approximately 0-3 of the radius from the centre for all three lines, but 
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the curve for the 6280 line falls below the other two, the increase of wave-length being at first less rapid than for 
the line 6301. There is also a slight indication of a decrease of wave-length for the line 6301 at the point 
measured nearest to the centre. This decrease does not exceed 0-0002A, and must be considered doubtful. 
Three of the four plates measured give minus values, and one a plus value. 

Two other plates taken on March 18 and 19, 1915, at latitudes 82°-3 and 86°-9 (the slit being almost 
coincident with the sun’s axis) were measured by the ordinary method. Taking the mean results of a positive 
and a negative image, these show rather larger limb shifts for the lines 6301 and 6302, but a smaller shift for 
the line 6280. The rates of increase between centre and limb are however very similar to those given in the 
curves. It cannot be said that latitude has any appreciable influence on the limb shifts, which appear to be 
the same at all points on the circumference of the sun. But, as already mentioned, there is some evidence of 
variability of the limb shift on plates taken on different dates, which needs further investigation. For 
instance, a plate taken on December 25, 1914, at latitude 69°-l, yields remarkably small limb shifts for all 
three lines, the values being about one half of those usually obtained. It may be added that all of the plates 
were taken under conditions of exceptional purity of sky, although the definition of the sun’s image may have 
varied considerably. 

Fig. 4 shows similar curves for the lines 4385*548 and 4387*007. These lines were selected because 
they have relatively large limb shifts for this part of the spectrum, and they fall near to the strong Fe line 
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4383-720, a symmetrical line wliicli is readily reversed in the arc, the absorption line forming an excellent line 
of reference. They are dne to enhanced Fe and enhanced Ti respectively. Fonr plates ■were exposed ion. 
October 9, November 19 and 23, 1914, the latitudes of intersection of slit and limb being 27°-3i 55°-6, 50°-4 
and51°-7. 

Fig. 5 sho-wB the nltra-violet lineg measured. The lo'wer curve is the mean result obtained for the 
two strong iron lines 3928-075 and 3930-450. These lines, as already stated, have a very ffman limb shift and. 



Oompamig toe ultra-violet linee -with toe at the red end of the apeotrom, we find the inoreaae of 
■wave-length begins at about the same distance from the centre in both ; but the ultra-violet lines, and 

^ecially the skong ironlines, showa very much smaller rate of increase near the limb than the red lines. 

The enMttcrf lines m 4 give essentially the same type of curve as the red iron lines. 

i)isaM»»'o» aTwto.-In Kodaikanal Observatory Bulletin No. XLTI the question -was raised as to whether 
■ to generd movement of recession indicated by to displacement of the iron lines towards red at the centre of 
to sun s disc was the result of a cironlatiou of the solar gases in a direction radial to to sun, or was part of 
a general movemto of recession from to toh. The present series of measures appears to show that the 
top^emente atto eente are not due to a radial circulation on to sun, but are probably part of a general 
displacement increasing from to centre towards the limb. If the descending movement at the centre of 
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the disc were due to a circulation radial to the sun, the component of motion in the direction of the earth 
would diminish from the centre towards the limb in proportion to the cosine of the angular distance from the 
centre, and this would be apparent in an initial decrease of wave-length, most marked for those lines having a 
large centre are shift. This decrease would continue until counteracted by the increasing limb shift, producing 
a displacement curve across the disc very different in form from that actually found. So far as we have gone, 
the line 6301 is the only one which shows any tendency to a decrease of wave-length, but this line has a very 
small, or possibly a negative, shift at the centre of the disc, while the strong lines in the ultra-violet which 
have a mean centre -- arc shift of 0'016A exhibit no diminution of wave-length, but a continuous increase from 
a point not very far from the centre. 

In Kodaikanal Observatory Bulletin No. XXXIX it was shown that the relative shifts between the limb and 
centre cannot be explained by a difference of pressure in the effective regions of absorption at the limb and at 
the centre of the disc, and the displacement cuiwes now found afford additional evidence in the same sense, as 
the following considerations will make clear. 

According to Halm s hypothesis, at the limb the path of the light through the lower layers is increased in 
greater ratio than that through the upper layers. It is easily seen, however, that owing to the slight depth of 
the reversing layer this effect can only be appreciable very near to the limb. It is sufficient to calculate the 
ratio between the thickness of a layer at the bottom of the reversing stratum and one at the top, since for these 
extreme layers there is the maximum possible difference. In fig. 6 let 0 be the centre of the sun, and P the 
centre of the disc seen from the earth. A ray of light starts towards the earth from A on the photosphere at 


o 



angular distance 6 from the centre of the disc, and emerges from the reversing layer at E, at distance 0' from 
the centre of the disc. Then 0' is given by the relation 

sin 0' = R. sin 0/R + T (1) 

where R equals the radius of the sun, and T equals the total thickness of the reversing layer. Now the 
length of path AB of the ray through a thin layer of thickness BC = d at the base of the reversing layer is 
■d/cos and similarly the length of path DE through an equally thick layer at the summit is djcoaO', The 
relative increase in the lowest layer is therefore 

cos o' I Goa 0 
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TMfl ratio is given in the following table, obtained with the help of eqnation (1), assnniing that the snn’s 
radins eqnals 960", and the total thickness of the reversing layer eqtials 2". 


Table II. 


0 

cos 0 

sin 0 

sin 0' = 
960/962 

X sin 0 

0' 

cos 0' 

cos 0' 
cos 0 


1-0000 

0-0000 

0-0000 

o 

o 

O 

1-0000 

1-000 

46" 

0-7071 

0-7071 

0-7067 

44“ 63' 

0-7083 

l-OOl 

o 

o 

0-3420 

0-9397 

0-9377 

69“ 40' 

0-3474 

1-016 

75“ 

0-2588 

0-9659 

0-9640 

74° 34' 

0-2661 

10-28 

80" 

0-1736 

0-9848 

0-9827 

o 

o 

0-1828 

1-063 

82" 

0-1392 

0-9903 ' 

0-9882 

81“ 1-2' 

0-1630 

1-099 

86“ 

0-0872 

0-9962 

0-9942 

83’ 47' 

oloas 

1-242 

88“ 

0-0349 

0-9994 

0-9973 

86“ 48' 

0-0732 

2-097 

90“ 

0-0000 

. 1-0000 

0-9979 

86“ 18' 

0-0646 

oo 


Whatever assumptions we may make as to the difference of pressure in the upper and lower layers, and 
also as to the effect of the difference of path on the pressure displacement of a line, it is evident from this 
table that no difference of path is appreciable except between 85° and 90° from the centre, and therefore no 
change of wave-length can occur except quite close to the limb. Thus, at about 85 , or 0*996 of the radius from 
the centre, we might expect a line to begin to be widened on the red side, the violet edge remaining in its 
normal position owing to the absorption at the highest level. This widening would be of a diffuse character, 
since the rays of light would traverse successive layers of decreasing pressure and temperature. The effect of 
a higher temperature in the lowest strata would indeed tend to neutralize the increased absorption due to a 
longer path, and it is by no means clear that any displacement whatever would be observed. However this 
may be, as all the displacement curves agree in showing that the shift is continued far within the limb, it 
cannot be due to the effect of pressure differences. The pressure theory of both limb and centre shifts is also 
difficult to reconcile with recent views as to the effective depths in the reversing layer where absorption occurs. 
For we now believe that the fainter lines originate at greater depths than the stronger lines, consequently they 
should give larger shifts at the centre of disc because of the greater pressure, and smaller limb — centre shifts 
because of the smaller difference of path for radial and tangential rays. This is just the opposite of what is 
actually found ; on the average the fainter lines have smaller centre — arc shifts and larger limb — centre shifts 
than the stronger lines. 

Owing to the remarkable inverse relation between the limb shift and the centre shift which has been 
Shown to exist (Kodaikanal Observatory Bulletin No. XXXIX), we seem justified in assuming tentatively that 
both are due to a single cause, and one in which pressure plays no part. But the centre shifts have been 
interpreted as due to descending movement, which is greatest in the higher levels, and decreases, possibly to 
zero, in the lower levels of the reversing layer ^ ; and this interpretation has been endorsed by Dr. St. John. * 
If the limb shift is also a Doppler effect we may add the two shifts, and represent the change of wave-length 
between centre and limb as in the diagram fig. 7, in which the upper curve represents the ultra-violet lines 
3928*075 and 3930*450, and the lower curve the red line 6301*718, which we will assume has a zero centre- 
arc shift. 

K we accept St. John’s conclusions as to the different levels represented by lines indifferent spectral 
regions, the ultra-violet lines represent a high level, and therefore show the large descending velocity of which 
the ordinate 0'016A is the equivalent. The red line, on the other hand, represents a very low level, and is 
prdditc^' in a region where this downward movement is arrested. At the limb, however, there is much less 

the wave-length of the red line being increased by O-OlOA, and the wave-length 

■ I- / '■ : ^ ~ ^ ^ — — — — — — — 

1 TTn ^Wiiffl BnUetin TSm. XXX7I and XXXIX. » Mt. 'Wilson Annual Eeport, p. 266, 1914. 
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of the violet lines by 0-002 only. The velocities at the limb will then be for the red line 0-5 km/sec, and for the 
wiolet lines 1-4 km/sec. 



We thus see that at the limb a great depth of the reversing layer is affected by the movement, while at 
the centre of the disc only the upper layers are in motion. If we could conceive of the Earth exerting a 
repulsion on the solar gases, this behaviour of the high-level and low-level lines becomes intelligible ; for at 
the centre of the disc the resistance of the denser layers and of the photosphere itself would arrest any down- 
ward movement, while at the limb the entire stratum would be more or less free to move tangentially to the 
solar surface. 

The velocity interpretation of the limb shifts inevitably leads to an Earth effect, even if we assume 
ra combin-ation of radial and surface currents on the sun to account for the observed displacement curves. 
Eormulse combining a radial and a surface current can be constructed to fit the displacement curves 
satisfactorily, but the surface current must be towards or away from the centre of the disc, a point on the sun 
■which has no significance except in relation to Earth. Also as the radial currents involve an ascending motion, 
whilst we find a descending movement, it seems futile to discuss these formulse. 

To escape from the hypothesis of an Earth effect, we must assume that the solar line shifts depend upon 
the direction which the rays of light take in traversing the reversing layer, the shift being least for rays pass- 
ing normally through it, and most for the tangential rays. The effects of anomalous dispersion will no doubt 
.appeal to many as giving a probable explanation of the facts, and doubtless the anomalous dispersion theorv 
would lend itself admirably to this problem as to so many others. 
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We consider nevertheless that the Doppler hypothesis shonld not be lightly discarded nntil indisputable 
evidence is forthcoming that anomalous dispersion is really an effective agent in displacing solar lines, The 
recent work of Albrecht in regard to this appears to us to be entirely discounted by our measures of close 
double lines in sun and arc,^ and by the subsequent disclosure of very large overestimates in Rowland’s mea- 
sures of the separations of many solar double lines. The actual close agreement in the separations of arc and 
solar double lines seems indeed to rule out anomalous dispersion as an effective agent in displacing solar lines. 

It remains to mention a crucial experiment which would decide the question whether the displacements 
are due to motion radial to the Earth, and affect only that side of the sun directed toward the Earth, for 
by the aid of the planet Venus we can compare the generalized spectrum of a hemisphere of the sun turned 
90° or more from the Earth with the hemisphere facing the Earth. If the displacement of the solar 
lines affects only the hemisphere facing the Earth, there will be a difference of wave-length between the lines 
of the planet’s spectrum, when corrected for her motions in the direction of Earth and sun, and those of 
ordinary sunlight. 

It is probable that with modem instruments the line-of-sight velocity of Venus could be readily 
determined with a probable error as small as =fc 0*2 km/sec, while the difference of wave-length expected 
corresponds to from 0*6 to 1 km/sec, according to the lines chosen. 

If there is no such difference of wave-length between the light from the two sides of the sun, then it will 
be necessary to find some explanation of the line shifts other than motion in the line-of-sight. 


SUMMARY.— (1) The first part of this paper , describes tbe method of obtaining spectra representing a 
diameter of the sun, and the use of the telluric lines at the red end of the spectrum, and the reversals of the 
superposed arc lines of iron at the violet end, as reference lines for determining the displacements of the solar 
lines across the disc between centre and limb. 

(2) The methods of measurement and reduction are described, and the accuracy of the positive on nega- 
tive method of measuring is illustrated by comparing the observed with the calculated shifts due to the 
components in the line-of-sight of the solar rotation movement. 

(а) SmaU irregularities disturbing the smoothness of the curve which represents the change of wave- 
length between centre and limb are indicated, 

(4) Diagrams are given showing the change of wave-length between centre and limb of the red lines 
6280-833, 6301-718 and 6302-709, of the violet fines 4385-548 and 4387-007, and of the ultra-violet lines 
3928-075, 3928-783 and 3930-450. 

(5) The form of these curves indicates that the redward shift, or downward movement, at the centre of 
tile disc is not due to a radial circulation of the solar gases, but is probably part of the general displacement 
increasing towards the limb. 

(б) It is shown that a difference of pressure between the effective region of absorption at the limb and 
at the centre of the disc wiU not account for the displacement curves, since the limb shift continues for a long 

distance within the limb, while a pressure effect could only be appreciable from *996 radii from the centre 
to the limb. 

(7) It is suggested tentatively that both limb shift and centre shift are due to a single cause, a general 
movement directed away from the Earth, all over the disc. This movement affects only the higher parts of 
e reversing layer at the centre of the disc, because of the resistance offered to a downward movement by the 

owOT lay^ or the photosphere : at the limb the movement affects the lower strata also, because there is little 
resistance to a movement to the solar surface. 

® “ toraggerted that obsaryation of the we-length of the lines in tbe speotrnm of Venue would 
decide the question whether the shifts are due to a recession from the Earth. 


Thb OBaBEVATOBT, EoTi AnrAWAT. , 
Mh March 1916. 


J. EVERSHED. 
T. ROYDS. 
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BULLETIN No. L* 


SUMMAKY OF PEOMINENOE OBSEEYATIONS FOE THE SECOND 

HALF OF THE YEAE 1915. 

In this bulletin the prominence observations made at Srinagar since August 8 by the Kashmir expedition 
under Mr. J. Everslied, the Director, have been used to supplement those made at Kodaikanal. At 
Kodaikanal the visual observations were practically confined to displacements of the hydrogen lines and 
to metallic prominences, as the position angles, heights and areas can now be much more satisfactorily 
determined foom tlie photographs. For those days when the Kodaikanal photographs of prominences were 
incomplete, imperfect or wanting, the visual observations made at Srinagar were substituted. With this aid of 
the Srinagar observations there were no prominence observations on only six days (all in December) between 
August 8 and December 31, and incomplete or imperfect observations on only three days. In the whole six 
months observations were made on 1G2 days, counted as 157 effective days. 

The distribution of prominences observed and photographed during the half-year ending December 
31, 1915, IS represented in the accompanying diagram. The full line gives the mean daily areas and the 
broken line the mean daily numbers for each zone of 5° of latitude. The ordinates represent tenths of a square 
minute of arc for the full line and numbers for the broken line. 

Fig. 1. Mean areas and mean numbers of prominences, 

Kodaikanal and Srinagar. 
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The distribntion, which is practically unafEected by the inclusion of Srinagar obserrations, is very similar 
to that in the first half of the year, but there is a large reduction in the number of polar prominences. 

The mean daily areas and daily numbers (corrected for partial observations) are given in the table below, 
where the data for Kodaikanal observations alone are also given separately for the sake of uniformity with 
previous bulletins. It is seen that the inclusion of Srinagar observations has slightly reduced both the daily 
areas and daily numbers ; this is probably due to the fact that only visual observations at Srinagar were used. 


Mean daily areas Mean daily 
(square minutes). numbers. 

Kodaikanal and Srinagar Observa- /North 2*46 7*89 

tions (157 effective days). (South 2*49 7*40 


Total ... 4*95 15*29 


Kodaikanal Observations /North ... 2*62 8*15 

(122 effective days). (South 2*67 7*69 


Total ... 5*29 15*84 


Oompared with the previous six months there is a large diminution in the mean numbers but only a slight 
one in the mean daily areas. The average area of a prominence has consequently increased. 

The monthly, quarterly and half-yearly frequencies and the mean height and eadent of the prominences 
observed at Kodaikanal are given below in the following table. The frequencies are derived from the number 
of effective days. 


Abstrdct for the second half of 1915 (Kodaikanal), 


Month. 

Number of days of 
observations. 

Number of 
prominen- 
ces. 

Mean daily 
frequency. 

Mean 

height. 

Mean 

extent. 

Total. 

Effective. 

1916. 





0 

0 

July .M 

18 

15 

218 

14-6 

37-5 

2-77 

August ... . ... 

23 

21 

268 

12-8 

50-8 

4-92 ' 

Septomber 

24 

20 

260 

12-6 

46-7 

3-84 

October 

27 

26 

466 

17-9 

42-6 

3-66 

November ... 

22' 

19 

326 

17T 

40-1 

3-30 

December 

21 

21 

406 

19-3 

39-2 

2-95 

Third quarter 

66 

56 

736 

13-1 

46-0 

3-92 

Fourth quarter 

70 

66 

1,197 

18-1 

40-7 

3-24 

Second half-year . . . 

136 

122 

1,933 

16-8 

42-5 

3-47 


■ There is a large increase (40 per cent) over the previous half-year in the mean height which accounts for 
■the increase in the average area of a prominence mentioned above. 

Distribution east and west qf the sun’s aacis. 

■ ■ 

In the observations at Kodaikanal and Srinagar combined, numbers show a slight preponderance at the 
v^estern limb, and areas a slight preponderance at the eastern limb. 



1916, July to December. 

1 East. 

West. j 

'Percentage east. 


Numbers obsei-ved ... 

1,196 

1,204 

49-83 


Total areas in square miuutes ... 

— 1 

3,892 

3,880 

60-08 
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Metallic p 7 ' 07 ninences. 

The following metallic prominences were recorded in the half-year. Since the Srinagar observatians were 
generally made at a later hour than those at Kodaikanal, the metallic proniinencos obs(M’ved at tlie two stations, 
as well as the displacements in prominences, have generally little relation to each otlier ami are thercforo 
given in separate lists. 


Table I-A.— List of Metallic peominbnobs obsbbvbd at Kodaikanal. July — Dboembbr, 11)15. 


Date. 

Time 

I.S.T. 

Base. 

Latitude. 

Limb. 

Height. 

North. 

South. 

1915. 


II. 

M. 

0 

0 

0 


tt 

July 

8 

9 

0 

6 

. • . 

22 

W 

.30 


10 

8 

58 

8 

. . ♦ 

26 

E 

40 

August 

10 

8 

33 

5 

... 

16 

W 

125 


14 

8 

52 

2 


16 

E 

30 


29 

8 

50 

4 


21 

E 

45 

September 

14 

8 

.^2 

17 


31 

W 

50 


23 

9 

18 

2 

19 


W 

45 

October 

3 

8 

27 

2 

11 


w 

60 


20 

8 

46 

9 


^5-5 

E 


November 

9 

8 

52 



14 

E 

50 


25 

8 

56 

2 


21 

W 

25 

December 

5 

8 

35 

1 

• * 1 

20-5 

W 

25 


6 

8 

65 

10 

25 


w 

55 


7 

8 

40 

6 


28 

' E 

50 


10 

8 

46 

1 


23-5 

w 

40 


ItoiuarkH. 


Dj, HjS) bu, bji, 1^4* 

Di, Ds, hi, 1)8, ha, h,i. 

D], Pa, hi, 1)8, l)a, h^, (1077, 0 Hymmotrically 
widened. 

Di, 1 ) 2 , 1)1, 1)2, 1)8, 1),„ 7i)(>5, IK577. 

Dj, Pa, hi, ha, hg, 1)4. 

Di, 1 ) 3 , hi, ha, hg, 1 ),|. 

Di, Da, hi, 1)2, ha, h^, ()()77, 7(K)r). 

()()77. 1),,_l)a, hi, ha, h, h,. 

D], Da Hligliidy revei’Hud. 

D), Da, hi, ha, hg, h,i. 

J)i, Da, hi, ha, hg, 1)4. 

Di, Da, hi, ha, ha, h.| Blightly I’ovorKod. 

D), Da, 1)1, ha, 1)8, 1)4, r):M<;-K. 

D*), hi, ha, hg, I).,, 

Di, Da, hi, ha, 1)8, h.i Htrongly reverHtsd (whole 
prominence Hoeu in tliem), 7(H)r), ()()77, f»01(» 
Hlighily rovorKod. Olher lincH :*~4il24'l, 
511)7’H, f)2B4-7, r)27()'2, rmi% mU'rH, hHIlltU. 


Compared with the previous half-year there is a decrease in the number of metallic prominences 
observed. 


Table I-B.— List of Metallic prominences observed at Srinaoar. Atkjust H—Deoembeti, 1D15. 


Date. 

Time 

I.S.T. 

Base. 

Latitude. 

Limb. 

Height. 

North, 

South. 

August 9 

H. 

M. 

0 

0 

0 


n 

10 

20 

20 

15 


W 

60 

10 

10 

20 

10 

... 

i 2 

W 

45 

.30 

11 

10 

20 

20 


24 

W 

19 

9 

55 



17 

w 

15 

23 

s' 



14-25 


w 

E 

15—40 

29 

45 

4-5 


22 

45 

September 8 

9 

27 



26-6-29-5 

w 

20 

25 

20 

9 

14 

3 

io 


E 

22 

9 

1 

8 

« >a 

18-5 

W 

70 

10 

0 


18-5—21 


E 

E 

26 

October 6 

9 

30 

7 

14-5 


45 

20 

10 

5 

0-5 

10 


W 

20 

29 

10 

0 

2 


16-5 

W 

45 

30 

11 

15 

6 


11 

w 

50 

November 9 

16 

15 

13 


8 

E 


13 

9 

0 

20-5 


19 

E 

45 

17 

16 

0 

2 

... 

22-5 

E 

26 

18 

11 

0 

7 

21 


W 

25 

23 

9 

37 

1 

• t • 

i5-5 

W 

20 

25 

11 

15 

6 


20 

W 

25 

26 

14 

25 



20 

W 

9 

50 

16 


20-5 

W 

180 

December 1 ■ 

12 

30 


19-5 


E 

... 


Itomarlfrt. 


Bi, T>2. 

pi, Da, hj, 1)2, h;i, 1)4, ()()77 j (H dinplacod. 

Di, Da, hi, ba, ()()77. 

Di, Da, C diHplaoud. 

Di, Da, bi, ha, hg, h,(, (1C)77, 

Di, Da, hi, ha, hg, hi|, 

Di, bh, hi, l)a, bg, h.!, ()()77. 

Bi, Ba, hi, ha, hg, 1)4, ()()77 ; C dlHplaood, 

Bi, Da, hi, ha, hg, b,j, ()()77 1 C disphicod, 

Bi, Ba, hi, ha, hg, b.„ (K>77. 

Bi, Da, h„ ha. 

Dj, Da, hi, 1)2, hg, h.i. C)Ct77, C diKplacod. 

6677 faint, Di Da hi, In, hg., 1)4 very faint. 
Di, Da, hi. ba, hg, b,i, 6dl6, ni two places i < 
displaced. 

Bi, Da, bi, ba, bg, h,,, 6677, eruptive ; C dit 
placed. 

Bi, pa, bn ba, bg, b,i, 6677 j in southern ha] 
only ; 0 displaced. 

Bi, Dg, bi, ba, ba, b,i, 6677, ,6.116, 5018, 491^4 air 
^omer green Imea ; C (hsplacod. 

P*' Ba, bi, ba, bg, b,j, 6677 ; C displaced. 

cerrPi’ 6677 ; C displaced. 

6677 famt : C clisplacecl. 

faint, 

6677 famt but bright at 111) 12-"} 0 dis 
placed. 

Bi, Da, 6677 ; not visible in C. 
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Displacements of the hydrogen lines. 

The displacements observed at Kodaikanal are given in Table II-A and those observed at Srinagar in 
Table II-B. 


Tabli II-A. — Displacement op the 0 line in pbominbnoes observed at Kodaikanal. 

July to December, 1915. 


Latitude. 


N. S. 



Displacement. 


Bed. 

Violet. 

Both ways, 


Bemarks. 


Metallic. 


August 


W 

35-5 W 


W 

•6 W 


18-5 W 

20-6 W 

52-6 E 

E 


At top 
At base. 

To red at base ; to violet 
at top. 

No prominence. 

At top. 

At top. 

Metallic. 


September 


To violet at base ; to red 
at top. 


27-6 E 
36 E 


Metallic . 


Oefedber 


19 E 

W 

26-6 . W 



At base. 

At top. 

At top. 

No prominence. 

To red at top ; to violet 
at base. 


At top. 


At top. 
Do. 
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Latitude;. 



Displacement. 

Date. 

Time. 



Limb. 



N. 

8. 

Eed. 

Yiolet. 

Both ways. 




1915. 

H. M. 

0 

0 


A. 

A. 

A. 

October 22 

8 51 

44-6 


E 


Slight 



, 46 

14 


E 


1 



43 


2 

E 


Slight 



40 


84 

E 

Slight 


23 

69 


27 

W 

Do. 



8 34 


25 

W 


0-5 


24 

9 0 


13-5 

w 

2 

2 


26 

8 25 


18 

E 


Slight 


29 

11 20 


16-5 

w 

1 

2“ 


31 

9 30 

20-5 


E 

1 



November 3 

8 35 

36-6 


W 

0-5 

■ 0-5 


9 

> 8 49 


8 

E 

2 

3 


17 

34 

8 32 

27-5 

18 

W 

E 

Slight 

0-5 


20 

8 54 

20 


E 


0-5 


21 

24 

8 35 

35-5 

17 

E 

W 

Slight 

2 

Slight 


25 

9 0 


21 

W 

1 

3 


26 

9 38 

12 


w 


1-5 


28 

30 

9 34 


58 

29 

E 

W 


0-5 

0-5 


December 1 

9 4 

12 


w 

Slight 



2 

9 4 

27-5 


w 

1 



6 

8 26 

io 

56 

E 

Slight 



6 

45 


w 

Do. 



9 5 

37'5 


E 

0-5 




0 

15 

38 

W 



Slight 


8 56 


w 


Slight 


46 

59 


w 


Do. 


7 

8 40 


28 

E 


Do. 


9 

8 22 


20-5 

E 

Slight 


10 

8 39 

88 


E 

Slight 



9 20 


62 

E 

Slight 



8 46 


23-5 

15 

W 


Slight 

11 

45 

8 42 

49 

W 

E 


Slight 


37 


26 

E 

W 


Slight 


12 

46 


34 

Slight 


8 34 

17 


W 

Do. 



13 

8 34 

68 


E 

Do. 



14 

8 40 

16-5 


W 

Slight 




12 

w 

Do. 



16 

8 33 

10 

67 

E 


Slight 



56 


W 


Do. 



69 

24 


W 

Slight 

Do. 


16 

8 32 

18 


w 

0-5 



17 

8 49 

12 

33 

E 

Slight 




34 


W 

Do. 



23 

37 

44 


w 


Slight 


8 53 

12-5 


w 


Do. 


30 

65 


25-5 

E 


Do. 


31 

47 


56 

E 


Do. 



Komarks. 


No prominenco. 

No pi’omiiiGJice. 

Do. 

At baac!. 

Do. 

Diaplacoment ohatighig' 
rapidly in amount. 

No proininonco. 

To rod at l)aHO ; to violet 
at top, 


D iaplaconient changed 
rapidly. 

At baao. 

To rod fit top ; to violent at 
baao 


At top. 

Over wholo prominouco 
At top. 

At baao. 

Do. 

No prominouco. 

Do. 

At top. 

Widened aynmiotrioally. 
At top. 

At top. 

Do. 

No prominence. 


No prominenco. 

At top. 

At baao. 

C^bulging out to rod over 


No prorninonce. 

Do. 

To red at baao ; to violet 
at tor). 

At top, 

At baao, 

No prominenco. 


At base. 


^ ™ a large decrease on the previous half-year in the number of displacements observed at 

Kodaikanal. There were 47 in the northern hemisphere and 62 in the southern ; there were 54 in the eastern 

hemisphere and 55 in the western. Fifty-six displacements were to the violet, 61 to the red and 7 lioth wavs 
simultaneously, ».yw 


Between 0 and 30° of latitude there were displacements observed 
between 31 and 60° in 28, and between 61° and 90° in 8. 

, • 2 


at Kodaikanal in 73 prominences. 











ABLE Il-B. Displacement OP the c line in prominences observed at Srinagar 

August 8th to December, 1915. 


Latitude. 


Displacement. 



Both ways 


Remarks. 


August 10 
12 
16 


September 1 


12 W 

21-6 1 


28*6 W 


38-6 E 

26*5 w 


2 

Slight 


Metalhc. 

At bases of the two bright 
streaks. 

No prominence. 

Do. 

At northern end. 

Dj i also displaced : 
metallic. 

To red at northern end ; 

to violet at southern end. 
Near top. 

Except near base. 

Over , taller streaks at 
northern end. 

At northern end. Dis- 
placement gone at 62»>. 


No prominence. 
Do. 

On northern side. 
At noi^em end. 


October 5 
7 


NoviNihber 4 


10 40 66-5 

10 0 
9 43 31-6 


10 5 10 


16-6 w 

E 
B 
B 

18'5 W 


23-6 E 

23-6 E 

32-5 E 


16 10 57-5 


On southern jet. 

At northern end. 

At baae. 

Metallic. 

At base of tall streak ; 
displtloement to red crone 
at 3». 

At base. 

Over whole prominence. 

In places. 

At base. 

To red over lower part ; to 
violet in upper streak. 

Over whole height (17Cr). 

At base of stem. 

At northern end of top. ’ 

To red on northern bright 
branch ; to violet on 
southern faint branch. 
Displacement to violet 
over whole prominence 
from 10** 40” to 11>» 42“ . 


No prominence. 

At base. 

No prominence at 9** 16®. 
Promiuence (16'') at lO** 
7“. 

Metallic ; no displace- 
ment at lO'* 20®. 

At base. 

To red at northern end ; 
to violet at southern end. 

At southern end ; over a 
spot ; metallio at ll’* 16?“. 

I Toured in upper half; to 
violet in lower half. 

At top and in base. 












Latitude, 


Date. 


1915. 


December 


Time. 


N. S 



H. 

M. 

° 



9 

10 

20 


8 

E 


11 

32 


8 

E 


9 

35 


22-5 : 

E 

13 

9 

0 

19 


E 

16 

8 

50 

87 


E 

17 

9 

32 


22'5 

E 


16 

0 


22-5 

E 

18 

9 

52 


23 

E 


11 

0 

21 


W 

22 

9 

54 


54-5 

w 

23 

9 ' 

37 


63 

h^'f) 

E 

W 


10 

20 


15-5 

w 


10 

25 

i 

4-5 

w 


11 

15 

59-5 


w 


11 

50 

59'5 


w 

E 

24 

9 

49 


20 

25 

10 

40 


20 

W 


10 

45 


20 

w 


11 

15 


20 

w 


16 

0 


21 

w 


16 

0 


27 

w 

26 

11 

5 

13T 


w 

28 

11 

24 

66‘5 


E 

2 

10 

45 

26 


E 

5 

9 

20 

38T 


E 

E 

7 

11 

7 


28 

8 

10 

40 


18 

E 


10 

58 


26 

W 

E 

9 

14 

30 

11-5 


24 

9 

42 

7-5 


W 




10 


W 


Limb. 


Diaplacoment. 


Red. 


A. 

15 

Slight 


0- 5 
1 

1 - 2 
1 

1 


Slight 

IT) 

1 

Slight 

1 


0*5 

Slight 

Slight 


Violet. 

A. 


1 

2 

Slight 


Slight 


()-r> 

Slight 

Do. 

IT) 


2 -a 
1 

Slight 

Do. 

OT) 


Sliglit 

Slight 

Do. 


Slight 

Do. 


Both wayH. 
A. 


ReuuirkH. 


Slight 


M(vtalli(>„ at ir.h 15*. 

At northoni oml, 

M'otallic : to ri-tl no.nr bswo, 
to viohd. iH'itr top ut 
+ 14“ I']. 

To r(i<l at nor I hern ioa i ; 
to violtd, ill HOtUhtO'ii end. 

Melallie..^ 

No pj’oniiinoKa*. 

Moiallii!. 


At ha«(t ; nndallie. 

To rod atHonIhern end ; Ut 
violet at jiorlherii end. 
Oven’ Hhinling nfreak «l 
northern eml. 


No protuinenee. 
d'o ntd in upper half : to 
viole.l in lower Indf, 

Ovtu’ a nhort bright atreftk ; 
nndallie. at Ifd* dh'*’. 


At haae ; HUinller dixplaen' 
UK'ntH olmerved froui 
!)i‘ nt)'" to iT' 411”' in other 
pariH _ of promimnH'e ! 
nudiillie. 

No proininiMieo. 

At haHo. 

In Houtliern part. 

On northern edge. 

On lower bright pnri, 

In eltroinoHpiit're. 

Near huKe in Hinithern half, 


Of the 71 prominences in which displacemcnte wero observed at Srinagar, }\:\ wtn-e in lUe norlbern 
hemisphere and 38 in the southern ; there were 37 in the eastern hemisphere and 34 in the western. Forty 
displacements were to the violet, forty-three to the red and nine both ways simiiltaneously. 

Between 0 ° and 30° of latitude there were displacements observed at Srinagar in .54 proininenerii, 
between 31 and 60 in 13, and between 61° and 90° in 4. 

At both Kodaikanal and Srinagar the greatest number of displacements occurred bed-ween O ' mnl 3 lf* ; 
this is apparently characteristic of times of great spot activity. 

Reversals and displacements q/* the C line on the disc, 

nf reyersals o£ the 0 line, 22 (larkonings of the D, lino an, I Cli 

of the 0 line were observed at Kodaikanal near spots. There is a decrease on tho previous lialf-vair in all 

ese, Their distribution east and west of the central meridian is given below : — 

Eaett. 

Tr T .. (Reversals of 0 near spots gn 

Kodaikanal . . . 4 Darkenings of D 3 ; 

(Displacements of 0 ... ... ... 

^ojkere was again a large preponderance of displacements towards the red, 46 being to tlm r,.,l .,„d the 


Wtmt. 

100 
13 
‘17 
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At Srinagar there were observed 56 reversals of the 0 line, 5 darkenings of the Da line and 21 
displacements of the 0 line near spots. Their distribution east and west of the central meridian was 
follows : — 

East. West. 

fReversals of 0 near spots ... 28 28 

Srinagar s Darkenings of Da ... ... 3 2 

(.Displacements of 0 10 11 

Prominences projected on the disc as absorption ma/rkings. 

Th^ grating spectroheliograph for photographing the absorption markings in “ ” light was in 

regular use during the six months. Photographs were obtained on 85 days which were counted as 63* 
^ective days. The mean daily area in millionths of the sun’s visible hemisphere, corrected for foreshorten- 
ing and for imperfect observations, and the mean daily numbers are given below : 


North 

South 


Total 


1916, July- 

—December. 

^Areas. 

Numbers. 

492‘0 

4*7 

673*9 

6*0 

1,165*9 

10*7 


There has been an increase in tbe number observed but a decrease in the areas resulting from a smaller 
average area of each marking. 

The distribution in latitude is given in the accompanying diagram, and is essentially similar to that in 
the previous six months of the year. 


Fig. 2.— Mean areas op absorption markings— 
July 1 to December 31, 1915. 

Total mean area for north hemisphere = 492 millionths. 

„ South „ = 674 



There was a preponderance of H« markings on the eastern side of the central meridian, the percentage 
east being 55 80 in areas and 53'63 in numbers. 


The Observatory, Kodaikanal, 

Slst March 1916. 


T. ROYDS, 
Assistant Director. 


ItPRiOB, 8 annas.] 


MADRAS : PRINTED BY THE SUPERINTENDENT, GOVERNMENT PRESS— 1916. 





NEW MEASURES OF RADIAL MOTION IN SDNSFOm 


Ihiring the ymm of minimum iunspofc activity, very few opportunitl* Mm oeeurrol al Kodaikaiia) for 
©xtending knowledge of the movement taking place in apots, beyond wW eonid be peered ftni 

geriee of imnap^it itP'Octra obtained in the y^a* ISOS, which l^jd to the 'dl^^iveiry ;of i?^d^l’^OEMiv®Hien|».' ®l WiWi 
realisieil that in Order to make any advance it was usel»t to attempt to ph^^piaph j^»echra under ccindiUcnia 
of poor definition of the spot on the slit of the speeteoiraph. Also, when d^nmcn wag at iti b^ nuang 
must 1 k» employed for retlucing the exposor© time to the minimnra p<«ible consent wiA la 

OTikn* to get clear siK»ctr urn images of details of the spots ^emselv^/ 

Karly in 1S15 it was found possible to reduce greatly the exprsiure tim^ by employing the new Aaders*m 
grating, which lias a mnch larger ruled arw than either of the gratings pn'viously naed, and Is also v^^ Mghi 
in the thirtl order. In ailditimi, the Olmervatory Iwl aequin^d on loan frtnn the Nizamiah Obs *rvatory a hqm 
of 15 incht»s diameter ainl 15 feet focus, which I mount s! temporarily on a movii^ carriage running on mils 
pacing In front of the sider.Htat, so that when otlicr apparatus wa^ n d in use the lens could be run into position 
in front of the sitlerostai mirn.r, giving an image of the sun about 10 mm. diameter on the slit of the S|a>etro. 
graph This lens was fournl to Iw more effieient in tha blue arnl violet T»art of the spectrum than the r^mkdle 
dlv »r on glass iniiTor previrmsly employtHl, and the »a»laf ima^e given by it was also larger, and m* ho 

«K.o„.iarv .m«..iner. Tl.e .p..t;.«r.ph it may te m^iRe, tte i««e 

In nnltT to c.-t *mH-tr.iI ima«.•^^ nTnwntinK eeBtml MCtioMof a «>«t. a v.yy rimple SOMins an»BSTO«.l,l 
, .wtrnH.Hl Thi'i foiwi'.ta of a plane (Kirallel quart* lilate. ab mt I cm. thick, or of a glaiM c-ri with plain- 
r., immc.iaMyinf..ntoft.n. iRi.. Thb phit 

Tet 1 i/n.o«nt«l so that it «.n be inclin«l, either in a vertW or a horiaonlal p ane, the movan.-,.. b inp 

.1 iv..)e.n,lleeonvenientlv placcl near the eye-piecc of a telc«opc. m which may bf ..ba-ra.,1 ,b, 
eontrolleil by a u . {onrth «iU-r. The apcit imafte is first Ijrirtitthi 

first or stHHimf onler spi-etruin w 1 1 . .. ||j|.|,,^nnf,^ r' — liom. , then afaiiaov«l horiaontnUy wr wrtiimHy 

as near to the slit P***' ^ „„„„ afworMinicdl. whkb thcwJy wifw the inmiw 

to any .h-siml iswtion o . ^ n^iu,,, «, th* gniim. V I*®* «po«K»» arc mnlCBd, tl«. 

withont altering the atiecqion of 
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.wasal^ used ^ ft Stui t ^ 1- 

hypotenuse face in averticTplal ^e 2 tr 7 ™. counted on a horizontal aria, and trith to 
■ t™e, emerging from the other side ome tee I rr ^ fl“ ?H “<» ^ totally reflected 

r.i:r '” ‘ 

m s.Trz,‘n* ‘“’S'".’?.” “ ^«~«i •' «■• •>»• -M. 

lae visiDie aisk of the sun between March 29 and April 12 iqn in i«tifnria 91 ° « 1 1 

during that period proving very favourable fn+hPo«t.i ’ • ’ the sky conditions 

^ m the early morning hours. (See plate III.) 

unde? ”Ln:r r r 

of intensity 1 is VsSkmW onThf VL^V”'f th ' ’felooity measured for a number oftoea 

y J. u. o ,w Km/sec., on the west side of the spot ; and for two of the lines, viz., 4726-3 and 472q-!! » 

— to 4 hm/sec On the east side the movement is smaller, being obly about Mf ^ m^ J^ZZtl 

Most o«he spectm taken with a tangent slit also show some evidence of motion, which will be discussed later 

^e point I wish to emphasize here is that thp displicements are larger with good definition of the pennmbnii ' 

Ii^e than would have been the case with an image more or less diffused along the slit by poor definition or 

spot was an unusually active one. The eapognro’ 
times in this series of spectra range from five to thirty seconds for lantern plates, varjing with the distance of 
e spot from the centre of the disk, and with the region of spectrum. For Wratten “ .. 

exposures could be reduced to a fraction of a second, but the contrast in these is less satisfactory than in ^ 
ante^n plates, partly, I believe, from a detect in the grating, which, notwithstanding the extreme'faintiiess of 

the third order ghosts, gives less good contrast than the Rowland grating, in which the ghosts are more- 

obtrusive in emission specti*a. 

The spectra were measured by means of a single straight spider thread in the micrometer eye-piece 
TKhis was placed as nearly parallel as possible to the spectrum lines on either side of the spot image. Each ' 

line selected for measurement was then bisected at four points as seen in the field of the microscope, as 
follows ; — Pe* 

(1) In the undisturbed photosphere spectrum, above the spot band. 

(2) Near the outer limit of the upper penumbi’a. 

(3) Near the outer limit of the lower penumbra. 

(4) In the undisturbed photosphere spectrum, below the spot band. 

The positions (1) and (4) were measured at the same distance above and below the centre of the spot, and the 
penumbral measures are referred to the mean of the photosphere measures, to eliminate a ^stematic error 
which would arise from a want of parallelism between the spider thread and the spectrum lines. As the thread 
was adjusted so as to give very small differences between the upper and lower photosphere measures, any 
outstanding error due to the small distance of the pen umbrae from the centre of the spot became 
and not worth the labour of correcting. This error would tend to increase the shifts on one side of the spot ' 

relative to those on the other, but would not affect the sum of the shifts. As is the usual practice, the spectra ' 

were each measured twice, viz., with the red end of the spectrum to the right, and left, respectively. This 
method of measuring is the simplest for obtaining separate values of the displacements for the east and 
edges of spots ; but more accurate values of the relative shifts of the different lines could be obtained by the 
positive on negative method, or by the method of juxtaposing the two opposite edges of the spot, as described • 
by Dr. St. John.® 


* Grreenwich No. 7223. 

* Astrophysioal Journal ,XXXVII, 322. 



Movements in PENUMBHiB derived prom 




Date 1915,’jtpril 3. ' 
Ija.titud6 of Spot (on central 
Central Distance (sun’s radit 
Slit radial. 


* 4696‘4C)2 

4701‘231 
- , 4706 ’. 641 . 
4711 '^ 

4726 327 
4729*207 . 

Means for intensity 
Oandl. 

4721*179 

4767*771 

Means for intensity 2 


4709*271 

4710*471 

4736*081 

4741*718 

4744*578 


Means for intensity 8 


Foi mobti of tflio tlio 

intensities ranging from 0 to (i o( Rowland’s scale ■ bnt Jnnited to well defined Re lines of 

Or, and Ti were also measured. ’ ^ some lines of Ni, 

Radial movements in east and west venumhrrp t n a. 

radial slit, and therefore giving the displaeemente dne ® obtained with the 

following tables are given the obseLe^ v o Z^ th^^ -cl.al movement of the spot vapours. In the 

Re lines, in a spot which crossed the meridian on notrluZ^^ of the 

a plate exposed on April ,3, with the spot east of the centml merid.-an, and this is folTowed in teZ rTm 
by measures of spectra photographed on Anril (» anrl 7 . roiiowed in tables II and III 

the 6th, three radial sections of the spot were phTtogrlpted 4te n aT T 1 
the Wider part of the umbra, hut as Z show s^Zs^^s of vSJ'Z 
0 represents a parallel section through a narrower part of the umbra. 


Reduced to horizontal movement, tlie mean velocities are : 
Line intensity. 

0 and 1 +2 73 

2 + 2*19 

3 + 214 

4 + 2*02 


5 and 6 


-f 109 
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^ Table Ila. 

Date 1915, April (!. 

Latitiido of Spot (on central meridian) 20°*7. 
Central Distance (sun’s radius = 1) 0'513 west, 
blit radial through wider part of umbra. 


A. 

Inten- 

sity.- 

East 

Penumbra 
, kin/soe. 

West 

Penunil)ra 

km/sec. 

A 

j Inten- 
1 ■ sity. 

1 . East 
Penumbra 
km/.sec. • 

1 West 

Penumbra 
km/sec. 

4()15-74.H 

1 

- 0 GO 

-!- 1-33 

4007-831 

4 

- 0-43 

1 + 1-09 

4r>20()i)3 

1 

- 0-38 

+ 1-50 

4018-971 

4 

- 0-06 

+ 1-13 

4b.J4'8!)r) 

4C)r)2-149 

1 

- 0 01 

•f 2-00 

4030-300 

4 

- 0-33 

4- 0-98 

1 

- 0 0)9 

4" 1-28 

4038-193 

4 

- 0-37 

+ 0-93 

Means for intensity 1 


- 0-58 

+ 1-.50 

4043-045 

4 

- 0-42 

4- 1-35 

4b87-308 

2 

- 0-53 

-h 1-11 

4047-617 

4 

- 0-18 

4- 0-74, 

4595-540 

2 

- 0-43 

. -f 1-11 

Means for intensity 4 


- 0-4() 

4- 1-04 

4004-735 

2 

- 0-3S 

+ 1-43 

40)t)3-120 

(5 

- 0-24 

+ 0-81 

4030-027 

2 

- 0-50 

4- 1-21 

4025-227 

5 

- 0-28 

4- 1-13 

Means, for intensity 2 


■ - 0-47 

■|- 1'21 

4029-521 

6 

-’o-50 

4- 1-22 

4598-303 

4602-183 

3 • 

3 

~ 0-43 

- 0-29 

+ 0-87 
■(- 1*10 . 

4637-685 

4679-027 

. 5 

6 

- 0-28 

” 0-45 

+ ‘0-99 
+ 0-95 

4 . 

46l3-3'86 

3 

- 0-47 

+ 1-00 

Means for intensity 5 
and 6. 


- 0-36 

4- 1-04 

4619-408 

3 

■ - 0-19 

+ .1-19 . 




4609-354 

3 

: , '^ N6 

+ 1-13 





Means for intensity 3 


-0-37; 

■’ -f 1 13 






Reduced to horizontal movement, the mean velocities are : — 


Line hitensitj. 
1 

. 2 
3 
4 - 

5 and fi 


East Penumbra 
km/sec. 

- i-i3 
. - 0-92 

~ 0•72 

- 0-78 , 

- 0-7() 


West Penumbra 
km/sec. 

+ 304 
+ 2*36 
+ 2-20 
+ 2-02 




Table Ilb. 

The same date and spot as in Table Ila, but another plate- in a different region of spectrum. 


Slit radial, through wider part of umbra. •• 


A 

Inten- 

sity. 

East 

. Penumbra 
- km/sec. 

West 

Penumbra 

km/sec. 

A 

Inten- 

sity. 

1 East 

j Penumbra ; 
i kmisec. 1 

Wot 

Penumbra 
km »ei*. 

4695-042 

- 1 

, - 0-79 

. 4 1-53 

4088-357 

2 

1 - tl'Oa . ; 

i 

4- 1-57 

■ 4701-231 

, 1 

- 0-55 

4* 

Ox 

4721-179 

1 2 

i - I,t73 , i 

1 

4 1-05 

47054)41 

0 „ 

' - 0-78 

: 4- 1-79 

4757-771 

2 

1 - 0-84 : 

Hf- i * * 1 

'4711-065 

0 

- 0-96 

4- 1-69 

Means for intensity 2 


i - (.t’74 

4- 1-70 

4720-327 , 

0 

■ - 1-13 

4 2-03 





- 4729-207 

1 

-■ 0-90 

-1- 2-07 ' 





'Means for intensity 


- 0-85 

-f 1-81 





0 and 1 






- 
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47()!)-271 

471()-471 

47.‘]()-():51 

4741'718 

4744-573 


McauH for intousity 3 


EilKt 

peuonibra 
kin/, SCO. 

- ()-91 

- U-4() 

- ()-i)4 
~ O-H!) 

- 0'i)4 


West 

penumbra 

km/sec. 

+ 1-4G 
+ 1-00 
+ l-GG 
+ 1-34 
+ 1-7!) 

+ 1-45 


4GOO-317 

4705-131 

4728-732 

4731-651 

4733-779 

4745-992 

4748-325 

4773-1)07 

IMeaiis for intensity 4 

4707-457 

473G-9G3 

I^feans for intcrisitv 5 
and G. 



Keclucud to horixoiitul o.ovmnenl, the iiieau velocities ar.- 


East 

penumbra 

km/sec. 

West 

penumbra 

km/sec. 

- 0-93 

+ 1-07 

- 1-24 

+ 1-47 

- 0-58 

+ 1-49 

- 0-G3 

+ 2-02 

- 0-3G 

-(■ M7 

- 0-80 

- 1-G9 


+ 1-73 
+ 1-09 

+ 1-54 

+ 1-15 
+ 0*59 

+ 0-87 


Idrte intensity. 
0 and 1 


4 

5 anil G 


East pemnulira 
km'see. 

- 1-G5 

- 1-44 

- l-t;2 

- I-Gl 

- 1-15 

Tamlm lie. 


West penumbra 
km/sec. 

+ 3-52 

+ 3-42 
+ 2-82 
+ 3-00 
+ 1-69 


4i: 15-743 
4G-2( 1-1:95 
4G3 1-895 
4G(;2-149 

I\( cans for iniensil y 1 

4587-135 

4595-540 

41104-735 

4(13G-()27 

Means for intensity 2 

4598-;i03 
4002-183 
4l 11 3-38(1 
4019-4118 
40(19-3,54 
4083-745 

M( auis for intensity 3 1 


The ,saine date and spot as in Table Ila anil b. 
t-ilit radial, tliroiyith narrower part of ninbra. 

Inten- (East iiemnnliraj West penninbni j ft 

Mty. [ litn/si'c. I kin/see. 


15.84-018 

4flo7-83,l 

4(1 1 8- ; 171 

4)13ii- 3,OG 
4(138- lii3 
4(143-045 
4(147-017 



•f bon 
+ 1-02 
+ i-17 
+ 1-45 


+ I ".!(( 
+ 1-15 
•f 1-70 
+ 1-33 
-f 1-19 
+ 1-72 


itfeans for intensity 4 

4(103-12(1 I 

4025-227 I 

4(:29-521 
4037-(l85 
I07;c027 , 

Means for intensity : 
5 and (1. ' ( 


Inten- 

sity. 

1 East penumbri 
j km/sec. 

i 

■J West penumbra 

1 km/sec. 

4 

- 0-33 

■f 0-73 

4 

i - 0-52 

-f 0-95 

4 

1 - 0-80 

+ 1-00 

4 

i - 0-52 

■f M2 

4 

1 - 0-42 

+ 1-07 

4 

j - 0-42 

I + 1-16 

4 

i - 0-42 

! 

+ 0-70 


- 0-49 

■f 0-9(> 

E> i 

i 

- 0-43 

+ 0-57 

5 1 

- I)-(1G i 

+ 1-08 

*' 1 

— 0-75 

+ 1-03 

5 ! 

- 0-42 

+ 1-12 

G j 

- 0-41 

+ bis 

1 

- 0-53 

+ 1-00 
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Reduced to horizontal movement, the mean velocities are : — 


Line intensity. 

East penumbra 
kin/sec. 

West penumbra 
km/sec. 

1 

- 1-37 

+ 2-90 

2 

- 1-23 

+ 2-67 

3 

- 1-05 

+ 2-26 

4 

- 0-95 

+ 1-86 

5 and 6 

- 1-03 

.+ 1-95 


Table III. 


Date — 1915 April 7. 

Latitude of Spot+20°7 (on central meridian). 
Central Distance (sun’s radius = 1) 0‘t)17 west. 
Slit radial. 


A 

1 Inten- 
j sity. 

1 East pcnumbrf 
1 km/sec. 

i| West penumbra 
j km/sec. 

A 

Inten- 

sity. 

East penumbr 
km/seo. 

aj West penumbra 
km/sec. 

4542-600 

1 

- 1-06 

+ 2-08 

4508-455 

4 

-0-64 

i + 1-48 

4545-311 

1 

- 0-96 

+ 2-22 

4584-018 

4 

- 0-61 

+ 1-26 

4566-693 

1 

- 0-76 

+ 2-47 

4607-931 

4 

-0-33 

. + 1-80 

4574-396 

1 

- 1-23 

+ 2-36 

4618-971 

4 

- 1-32 

+ 1-70 

4615-743 

1 

- 0-57 

+ 2-03 

4630-306 

4 

- 0-42 

+ 1-72 

4620-693 

1 

- 1-80 

+ 1-83 

4638-193 

4 

-0-14 

+ 1-90 

4634-895 

1 

- 1-07 

+ 2-09 

4643-645 

4 

- 0-74 

+ 2-13 

Means for intensity 1 


- 0-92 

+ 2-15 

4647-617 1 

4 

-0-23 

+ 1-29 

4560-266 

2 

- 0-67 

+ 2-24 

Means for intensity 4 

! 

-0-55 

1 + 1-66 

4574-899 

2 

- 0-66 

+ 1-75 



""" ' " '■ 



4587-308 

2 

-0-80 

+ 1-96 

4603-126 

6 

i - 0-48 

! • + 0-81 

4595-540 

2 

- 1-07 

+ 1-49 

4625-227 

5 

- 0-47 

+ 1-92 

4636-027 

2 

- 0-70 

+ 1-86 

4637-685 

5 

-- 0-37 

+ 1-77 

Means for intensity 2 


- 0-78 

+ 1-86 

Means for intensity 


-0-44 

+ 1-50 



— 

— 

5 and 6. 




4515-508 

3 

-0-39 

+ 1-82 





4520-397 

3 

- 0-84 

+ 1-82 





4546-129 

3 

-0-52 

+ 1-50 





4548-024 

3 

- 0-48 

+ 1-44 





4556-063 

3 

- 0-57 

+ 1-87 





4598-303 

3 

- 0-84 

+ 1-53 





4602-183 

3 

- 0-38 

+ 1-42 





4619-468 

3 

- 0-66 

+ 1-65 

. 




4669-354 

3 

- 0-64 

+ 1-68 





4683-745 

3 

- 0-54 

+ 1-89 





Means for intensity 3 


- 0-58 

+ 1-66 






Reduced to horizontal movement, the mean velocities are . 

East penumbra 

Line intensity. km/sec. 

1 

9 -1-26 

3 - 0-93 

4 - 0-89 . 

6 and 6 “ 


West penumbra 
km/seo. 

+ 3-48 
+ 302 
+ 2-69 
+ 2-69 
+ 2-43 
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It is romarkublo that when east of Hip pont-i-n i- ai , 
when west of the meridian, the velocities are lar'mr in tV '7"'^ velocity, hut 

thus ahvays found on the limb si.le of the spot in this eri r'"' were 

.hmee, uUhou«h the same phenomenon ai;:: ::::”nn™r"ru tr'‘1 

ance to measure the shifts on the limb and centre side of a spot separat.dv ' 

In table IV, I give the mean velocities on each si(h' of Hu. ' a 

meridian ; from this it is seen that the prepoudenmce of velocity on thriim^sri IIT" 
marked when the spot was west than when it was east ’ 


Table IY. 


— 

Line 

intensity. 

East 

Peiiumbni 

kin/sec. 

West 

Penumbra 

km/see. 

r 

Spot east of C.M. (one J 

0 and 1 

+ 2-73 

- 2 02 

2 

+ 2-19 

- 2-04 

set of measures). 1 

ii 

+ 2-14 

- lA!) 

1 

i ^ 

1 

4 

+ 2-02 

- l ()(i 

. 5 and fi 

+ l-(.)9 

- 1-41 


— 

Line 

intensity. 

Ea.st 

Penumbra 

km/sec. 

West 

Penumbra 

km/sec. 


r 

1 

[ 0 and 1 

- 1*41 

+ 3*23 

Spot we.st of C.M. (four j 

1 

2 j 

- 1*21 

I + 2*84 



3 

- 1*08 

+ 2*49 

set.s of measures). j 


4 

- 1*06 

+ 2*39 

1 


5 and 6 

- 0-lK) 

4 1-98 


The velocities found in the penumhne of spots generally increase with the distance from the centre of mdia- 
tion, the modon being zero at some point in the umbra, and accelerating outwardsd An iinsymmetrical spot 
therefore, might be expected to give the greater velocities where the penumbm is more extended. On April 
3, the widths of pennmbrjc were approximately 1G,0()0 km. on the east side, and 13,000 km. on the west. As 
on this date the velocity at the outer limits is greater on the east side, this is in accordance with the above 
statement ; but on April () and 7, when the velocity on the w'est side is more than twice that on the east, this 
same inequality persists, and is greater than before, the east penumbra being about 19,(KI0 km. in width, whilst 
the western penuml)^ is only 10,000 kin. in a radial section. 


The displacements at equal distances east and west of the umbra are therefore very unequal on April G 
and 7. This might conceivably lie due to a proper motion of the spot as a whole, in a westerly direction. A 
forward movement equal to 0*9 km/sec would account for the difference of shifts between the east and west 
penumbra3. If this were the case, there would be a displacement towards red in the lines over the umbm, 
equivalent to 0*9 km/sec, which apparently there is not. The lines are here too faint for measurement, but as 
they are distinctly more inclinetl on the western penumlira than on the eastern, this points to an absence of 
appreciable shift in the umbra. 

The eastern penumbra is much less definitely bounded than the western, and the outlying parte on the east 
side show no displacement on April 7, the greatest shift lieing found at a point about 9,000 km. within the 
outer limits of the penumbra (see fig. 1, page 174). At the point where the motion ceases, there is a slight rift 
in the penumbra, and it is the outer separating portion which shows no i-adial movement. This remarkable 
absence of movement has also been observed previously, when the radial slit has passed through a completely 
isolated patch of penumbra. It would seem that radial motion does not occur in penumbraj without an umbral 
centre. 

' On April 8th the radial slit passed through a completely detached penumbra on the east side and over this 
the lines are bent in the usual way indicating radial motion ; the photoheliograpli plate shows however that 
this penumbra is forming a secondary nucleus and constitutes a small satellite spot. 


^ This acceleration, indicated by the slant of the lines over the penumbrae, is well seen in all the spectra except in the 
.east penumbra on April 6, in the section through the narrow part of the umbra. In this image the line appears to be as much 
displaced near the umbra as it is near the outer edge of the penumbra. 

3 
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Another novel and interesting^ feature in the spectrnm of tliis spot is tlie ])on(lin^^ of lli<‘ lira's on the adjaec'nt 
photosphere spectrum, clearly indicatin|^ movement outsidr' tlie westc'rn pi'mimbra. (Hee fig. 1. TJie f)eii(ling 
of the lines oirtside the spot spectrum can also probably bt' made out in tbc' half-toiu' repr'oduetion in [)la(e III.) 
On this side of the spot, the hi.i,diest velocity occurs, as is normally the ease*, at the outer ed^U' of the {)en umbra, 
where it reaches almost 4 km/sec for some of the wc'akt'i- lines. Iinmediatc'ly bc'yond Ibis point, on the iiboto- 
spliere outside, the lines assume their normal width, but not tlu'ir normal i)osition, for they curve sluu'ply back 
to a point about <S,0‘00 km. outside the penumbra, wlu'rc' they re.u'ain tbeir normal wavi'-hmytbs. Altlioui'b the 
radial motion is thus continued with diminishing velocity far outsith' the pi'uumhra, tlu're is nevi'rthelc.ss, a 
very marked kink in the line, or change of velocity, at the penund)ral limit. For lines of intensity 4, the 
appearance is as in fig. .1 excepting that the lines over the spot are less dark and their edges much more 
•diJB^use than in the woodcut. 



to violet. 



Fig. 1. Course of Fe line crossing .spot— April 7, 1915. 

Outside the spot, the lines are of normal width right up to the edge of the penumbi-a, where there is a 
sudden bend or shoulder. Inside the penumbra, they are in some cases twice the normal width, with a tendency 
to diffusion in the direction of displacement, indicating velocities still higher than those measured for a portion 
of the absorbing gas. The shoulder-like bend is best seen in lines of intensity 3 and 4 ; in weaker lines the 
curvature outside the penumbra is well seen, hut the increase in width at the shoulder is not so evident. 

The curvature of the lines is well seen in all the plates taken after the meiidian xiassage of the spot, viz., 
cn April 6, 7, 8 and 9. It is also indicated in the spectra ol April 3. 

Radicil motion in Ttilaiion to line intansity . — The mean velocities obtained by aveiaging^ the lesnlts from 
east and west penumbriB do not vary much on the different dates when spectra of this spot were obtained. 
I therefore give in table Y the mean results for all the five sets of measures detailed in tables I, II and III. 


r 
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Table V, 


Mean Velocities of East and West Penumbrse. 

Mean Velocity 
(5 sets of measures). 

2*33 km/sec. 

3'04 „ 

1*80 „ 

. 1*75 „ 


Line intensity. 

0 and 1 
2 

3 

4 

5 and 6 


1*42 


The velocities here shown do not differ materially firom those obtained from the earliest radial motion 
plates measured by me in the year 1909.^ They are however about 2*7 times larger than those found by 
St. John for the corresponding line intensities. These are from spectra photographed in the years 1910 and 1911 
(see table VH “ The Iron Scale ” in his paper on “ Radial Motion in Sunspots,” Aslrophysicsd Journal XXXVII, 
pages 332 — 353). This large discrepancy is probably mainly accounted for by the small size of the spots 
photographed by St. John, which averaged 34" in diameter on the median, or roughly 25,000 km. across 
the radial section, whereas the spot of April 1915, corrected for foreshortening, was from 44,000 to 48,000 km. 
across the radial section, excluding the outer portion of the eastern penumbra which showed no motion. 

As the velocities at the outer limits of the penumbrse are usually roughly proportional to. the diameter of 
the spot, the spot of April 1915 should give nearly double the velo<aties found by St. Johm My figure in 
table V may therefore be compared directly with those given in St, John^lB^** Iron scale,” which reprint the 
sum of the velocities at the two edges of the spots^, and are therefore twice the mean values of east and west 
penumbrse. The comparison shows a considerable outstanding db^crepmK^, my figure being about 1^ 
times larger than St. John’s. This may possibly be due to real diflEearehces of velocity between the spots 
concerned, but is more pyobably the r^ult of diffusion of the spot image" on the sHt plate, inevitable in the 
long exposures required in St John’s photo^phs, which were obtained '«riQi an autocoHimatmg spectrograph 

of long focus. This would certainly diminish the apparent shift of the* 

The relation between the intensity of the lines and the velodty of ihe tadM motion, given in St. John’s 
“ Iron'scale is satisfactorily confirmed by my results, as will be seen by diidding my figures by the constant 
1-36 The agreement is then very close, although my results are derived firom a very limited region of spec- 
trum and small.numb^ of lines of each intensity. The correspondence is indeed closer than might have to 
anticipated, considering the large individual variations, accidental or otherwise, shown in tables I, II and HI. 

Lines of intensity less than 1 cannot be measured with any approach to accuracy in my plates, accepting 
in a few cases, where lines of intensity 0 have been included .with those of intensity 1. ^ 

Among the lines I have measured there are seven enhanced lines of iron. The individual raM mobons 
given by these may be compared in tables II, HI and VI with the mean radial motions given by oth^ Im^ of 
ZZJe intensity. The lines and their intensities are given below, with a reference to the tables m wtac* 

they may be found,' viz. — - • 


Enhanced Fe lines. 

4508*455 

4515*508 

4520*397 

4522*802 

4556*063 

4584*018 

4629*521 


Intensity. 

Table, 

4 

III and VI. 

3 

Ill and VI. 

3 - 

Ill and VI. 

2 

VL 

3 

III and VI# 

' 

III and VL 

6 

Ila and lie# 
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According ti{) St. Joliii’s imoiisnri'M “ fha i t* > 

hancod liiu-Hof the same solar intmisitics ‘in.l w ‘ Tf " smaller nuHal diHpIac(‘m(mtH than the unen- 

I can (iml im cviilc.nci' of any aiuili avsli'iii iUo i ii' li'Vi-la in uiid near Kiinsiiiits.” ' 

ordinary Fo linos of the saiiic intoiiKitioa. Tlios'(.'inrti!!ri. . r ' ''“•‘“"“■d Fo linos, comiiarod will, 

wlioappoars to lu.vo baaod l.ia concinaiona niai.tly .i,, tita,d'u„‘'’|in,T'‘'‘’' 

p™..-.., 

linos of Or and twolvo lino.a of dVjivl .at;. w •« H.o Fo linos. Fivo linos of ,Vi, olovon 

spondiiiK iulonailios in Iho Fo spootnim In tlio 'o'lao' of t'' 'liHi'i-onl fn„n tho li,„.s of oor,-o- 

moan diaplacomonls than tlio Fo linos of this intonsitv ' I f 'V"'' f'‘'“ •'‘JiKldl.v m-oalor 

identical witli tho Fo linos of intonsitv ii in tho sa.no'r’oKio'n "'ti 's-'" 'li«I'inoon.onls ahuost 

according: to which tho Ti linos sivo aonsihiv s„,. n : " "''‘I- «• ■'"I'n's rosnlts. 

Although tho .tisplaccnonta in Ihoso snoot.'- ■ . ' '' <'( >l‘o mm,, intonsitv 

canhavo hnt stnall woinht oo. : n ^ ^ oos.d^s 

will call spot A, with that of a, .spot oh.solv thiilnvino i,‘ '‘fA "liich I 

aevolopod du.-in« tho paa,a.«o of tho ,n.o„p ac.-osa tin. disc, and on'tho\Lla!j rff ,’T’Va,u h 

ir uz;.'”"n,::: r "r: " t‘ “t""" “■ ^ 

displacotnonts tn tho oast and w.L'p;:„„dL:!r C ^ ’‘'f 

iit. spot A, the west or hmh Hide yields higher velocities than the east altliomrh th„ ru.nnrr,i Tt ^ 

““ “ -■ — - - i— r.” r 

Table VL 

* Date — 11)15, Ai)ril 7. 

Latitude of Spot + 1)> (rm centi*al iiieridian). 

Cential distance (sun s radius ~ 1) (l'49fcJ west. 

Slit Kulial. 


laten- 
I Hity. 


4505-003 

4529-849 

4542-fiOO 

45G5-002 

4566- 603 

4567- 046 
4574-306 
4584-900 

Means for intensity 0 
and 1. 

4490-942 

4522-802 

4531-801 

4560-266 

4574-899 

Means for intensity 2. 


East 

peimmlirii 

km/sec. 


West 

penumbra 

kin/sec. 


- 0-99 

- 0-()8 

■ lif! 

• l-OD 

• 1-14 

• 1-52 

■ 0-86 
■ {;)-94 

" 1-05 

MO 

0-63 

0-97 

0 - 96 

1 - 00 

0-93 


+ MO 
+ 1-32 
+ 0-07 
+ 1-57 
■f" 1 *28 
4- 1*56 
4* 1-80 
4- 1*40 

+ 1-37 

4- 1*30 
4- M7 
4 - 1*02 
4- 1*53 
+ 1*04 

4 - 1*21 


A 

i Tnten* 
j sity. 

■1 , East 

1 penumbra 
i km/gec. 

i 

! West 

' penumbra 

j km/stx. 

4515-508 

3 

- 0*89 

1 “4 I’lO 

4517*702 

45'20*307 

4548-024 

3 

3 

- CI-70 

1 4 I ’O.'} 

3 

— 1>S7 

4- 0-04 

45,56-063 

B " 

- o-ia; 

4 1 «S'I 

J- 1*29 

Mean.s for intensity 3. 


- 0*88 

j 

4- 

4480-911 

4 

- i no 

4* 0*011 

4508-455 

4 

- (t.5S> 

4 1*2.1 

4584*018 

4 

— l)-33 j 

4" 

Means for intensity 4 

■ ... ■ 

- 0*64 

4- (t*i5 

4404*7.38 

6 

- 1*20 

4' o s5 

4525*314 

5 

- 0*44 

- MB 

4531*327 

5 

- o*h;j 1 

4- O’OB 

Means for intensity 5- 
and 6. “ | 

► 

- 0*82 ' 

i 

Hr 0*07 
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HchIvuhhI to liorizontal in<)V(‘ii)ou{, tin- nu-aii velocities are 


Ijine intensity, 

II uiid 1 

d 

4 

'> IlHil il 


MasI Piinmiihm 
kiu/silu. 

- 2- 12 
1-S7 

- 1-7S 

- l' 2 ‘l 

- I'll") 


West Pcimnihra 

kiii'sj'c. 


+ 2-77 
-+- 2-.I-1 
+ 2‘."»fi 
+ MI 2 
+ llKi 


IVtoim (.f K. an.i W. 
ktn/nec. 


2- 4 4 
2-lo 
ti !-17 
pan 

PKO 


bpot A a, hk \ ) >M,„ wll.N l.,r tin. Inu-s .,1 .„l,.ns,ly u„.l w|,i,.k «iv,. ,|i„|,tl.v tlKin linos 

«t lutonsky 1. It luis boon nionti,„u.,l llml in tl,.. osso of s,,„i A n .iiin.sivo widoninK „f tl... lin,.s „o™,-s nonr 

1H. hunts ,.t the „o„„.u,„,o, n dim. si,,,. i„ dis„l......„, -..t This is w s , s 

nn..«os n spn, B. If „.is is i..,„.,.,.,..,.d ..s a „.,„i,„. hV,.,.,. i, n„.a„s ,i.,.i,s .,,'^7, 

bom,. „t tlio al>s,.rl,„.sH„s..s d.nvl,,,, I,.,. v,.|.„-ilios tl.a.i nil,,.,, portin.is. Tl.o i,l.o„„„.o„„„ is „f 

'7 !;;7 "•'■''•'"“p;"- -'I i' hauls ,„ah,. ,.s,i.„„„,s „is„l..conu„.,s ....co.-tain, 

r„ V , , , l-^ihk. tl,.„ snn.onf ...y ,..,i..s.,..os „f vok.oitv, bull, in 

sp t A ...ul spot B, a,... „vo,-,.sti,„al,.s i,. tl.o ,l,o st,-u„Ko,- linos. I, is pussiblo tl.al tl.o ...u.-e 

ihlhibeil portion ol; the strong- lines is sl.osvn up in strony.-r .-..ntnisi than in tin- eas,. of th.. weaker lines. 



Pig. 2. Dilfasive widening of lines near outer edges of pennmbrie. 

This diffusion of the lines in the dirc'ction of displacement does not seem to occur in all spots. In these 
spectra it is found near the outer limits of the penumbriB, a region where the lines are also intensified, so 
that in oliserving the spectrum visually one sees little black dote or lumps along the edges of the 
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pcniinibiiy mnlkill^^ tht* uidsL (lit^pliici'd piirtiou oi! tilt* lim*s, iitid sluirply vvilli tlii' UMilis[)l:u?ctt 

linoa oiitsitlo tho poiiuiulnw. This aiipt'iimncc luul boon «)bsi>rvi*il stivcml tinu>.s whim fotMissiii^ spot .srn-clra 
before I luul suceoetletl in photoymphiii^ ii. ,•> exuKKenit.*il ivpivsentation of this em-ta. 

^ Spot B had u aouble nucleus. On the lUh and 7th of April a rift or Iiri.lye, roughly north and so.iMi, 
divided the uinbiii into an eastern and a western portion, and it is of interi*st to noti* tiiat soitjo of the llin-s nf 
small intensity, notably the chroniiuin line -in? rST.), intensity 1, show asli^ht kink in tins rift, in.lieatinn that 
each nuckus was foimin^i an independent ei'idre of iiuUal movement witli o])])osin^ currents in tin* rift, ti'iidinii 
perhaps to separate the umbra*. At the outer'li,nits-of the penumbra*, ami especially on the western .side, 
where tho displacement is greatest, the kink in the lines indicates a sudden drop in velocity from the maximum 
value of nearly .*1 km/sec. to /i*r.). t)ne cannot say that any tmee of the motion shift cun Ik* seen bevoml the 
limit of the penumbra. Simt B ditfers markedly therefore fnm, spot A in this respect, but larger seule 
pliotogiiiph.s ami still better ilelinition might of course show a progressive decrease of velocitv. I think I am 
justified in saying, however, that in siiot Bauy progressive ,leerease of vclmaty must have bei-n conlineil to an 
extremely narr.iw /.tnu*, perhaps not .-.xcee.ling one-hundnMllh pari .d the diameter of the spot. 

From the foregoing results, the f.dh.wing brief summary may be umde 

Cl) riu* i*adud motif m displaeenif'nl may be very inie.nial at efpial disUmees from the uinbi-a of a spot, 
and the twm spots investigute.l sliowi*.! huger flisplaemneiiis .fii the liiiih sale limn on the centre side. 

(2) Detached peimmbrie ai)pear tf. show m. ratlial movement, exeei.t when secondary nuclei are .Icvel- 
oped in them, forming iudepemh'iu centres of radial moiitm. 

(d) 'I he radial movement may la* coiitiiiuefl for a coiisiderahle distance outside the limits of the 
penumbra*, or it may stop short at tlmse limits. 

(4) There is usually au acceleration fif veloeity frftm the umbra to the <mter limits of the nemunbra, 
and then a sudden fall tfi /.ero, or tf* a lesser speetl whhdi ilimiuislies to /.ero at .some distance outside wie spot. 

(o) 1 he mdial mfiVf*ment may iiimiimt It) 4 km see. at tnie tnlge fif tin* i>enumbm for lines of intensity 
(1 and 1 ill large simts. 1 in* mean ratlial untveuieul for east ami west edges aiipeurs tti be fairly constant for 
spots of the same diameter. 

(d) There is a temleney to flitfusioii .»r tin* Hues in the tlirectiim of di.splact‘meut near the outer limits of 
the peiiumhne in Sfiiuf' spots, iiidlealiugturbuli m motion. 

(7) the relation touml between lim* intensity ami nulial movement ftn* Fe lines agrees with thm Lrivim 
by St. John in bis ** iron .scab*.” , 

(5) knlianeefl Hues of irni, and the lines fd' ebromium, nickel, ami titanium, in the region of spectrum 
invest igatef I, do not slmw any syst(‘matic dini'reiiees (M»mpared with ordinary iron Hne.s having the same 
intensities. 


MOVFMFNTS AT UKJHT .VNdLKS T(J THK RADIAL MOVEMENT. 

The spectra idiotographed with a tangent slit wen* measurefl in the same way as the others. The displace- 
ment ol the lines is of course very much smaller than witli tJie I'adial slit, but is still ijinte obvious in some of 
the spcctnu Interpreting the flisplaccmeiit as a iimLion jiandlel to tJic surface of the sum the measures show 
velficities ol about <)*;“> km/sec. The fb'st iilate tif the series, representing sfiot A on April 1, has three images 
of the spectrum impressefl OH it, by two slightly dilfereiiL hut imrallel sections through the umbra. All 
show a slight displacomeiit to red at tlm outer limit of the south pcmuubni, hut no appreciable displacement in 
the north penumbra. The spectrum representing tlic more westerly section gives a larger displacement than 
the others. This section pas.scH through a wcdge-slmped indentation in tho umbra and through an apparently 
much disturbed region in the peiiumbm tnitside it, the displacement at the fiuter edge of the penumbra is 
equivalent to. ()‘d km/sec. horizontal nmvemeiit, Tho measurement in this spectrum of thirteen Fe lines of 
mean intensity 1'8 is given in table VU, 
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Table Vll. 

Date— April 1, 1015. 

Latitu<lo of Spot •+■ 2()®‘7 (on oeutral meridian ). 
Central distance (sun’s radius = 1) (1-825 east. 
Slit taimeut. 


luten- North Buuumbra Soutli Penumbra 
sity. km/sec. km/sec. 


527a’a;)0 

527a'558 

5288-705 

5202-7()2 

5204- 104 

5205- 4K5 
5007-541 
5015-252 
5021-200’ 
5022 227 
5020-;i;m 
5000 1 70 
500.0-080 


4-o-(n 
+ 0 44 
+ 0-10 
+ o-0() 

- 0 i)i; 


+ 0-10 
-i-o'io 
+ 0-04 


4- 0-42 
+ 0-50 
+ 0-27 

+ o-oo 
+ 0*88 
+ 0 25 
+ 0 41 
+ 0-48 
+ 0-ai 
- O'OO 
+• 1*05 
-f Of»8 
4- 0'42 






Re(lviced to homoTital mov(*meot, the volodties are — 

North Penumbra, South Penumbra. 

4-0*07 kni;'sec. + 0*G4 km/see. 

This is the only plate obtained in the ^roen i-t'trioo of tlie speetnini ; and although the exposures were of 
thirty seconds’ duration, the sp(‘c*tni are under-expo.sed. A Royal Staridartl Ortho ” plate was used, and a solu- 
tion of fiavasine to cut out the fourth ordtM- violet. Tin* di‘tinition of the penumbne is good. On the same, 
day, two hours later, two nion* spec-tru with a tangent slit W(‘re ol)tained : these include the region 4(58(5 to 4785. 
The definition of the penuinhraj is nut so good as in the earlim- plates, as the cpiality of the seeing at 10 a.m. is 
always inferior to that at 8 a.m. Tln-se spectra rc'present a st-ction slightly to the eiist of the centre of the spot, 
and not passing through the wedge-sluiped indentation. In both spectm there is a very slight shift to red over 
the whole spot, including probably lh(‘ umbra itsc-lf. although the lines are here under-exposed and difficult to 
measure. 

It would seem that the displacement first observed at the southern limit of the south penumbra in all 
spectra photographed at 8 a.m. had spread over the entire spot at 10 a.m. It cannot reprmait a rotational 
movement in the spot, since both sides are moving in the same direction. The displacement is of course rela- 
tive to the photosphere a short distance outside the spot, and may be interpreted in different ways : there nuiy 
be currents outside the spot, moving in a westerly direction, or the spot as a w+ole may be drifting eastwards, 
or the m<)venicnt may bo normal to the surface, aptl indicate a general descent of the gases over the spot, or 
finally there may be a co'mbination of these movements. If the movement is piuallel to the sun’s surface, it 
amounts to 0'4() km/sec ; but if it is normal to the surface, it indicates a descending movement amounting to 
O'Gf) km/sec. The mean velocities in the line of sight from fourteen Fe lines of average intensity 3‘1 are -as 
follows I vr-._Lt. T> v 


North Penambra, 


■'South Peaumhi-a, 

Observed velocities , ••• ••• +0 37 km/sec. + 0 39 km/sec. 

Reduced to horizontal movement + 0-45 km/sec. + 0*47 km/see. 

On the next day, with the spot at 0*711 east from the centre, the displacement is all in the ncuth penumbra, 
and is still towards red. As the spot was then about 45^^ from the centre of the disc, the deduced velocities 
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parallel to or normal to the snrfipo -ii>n +!.« . < 

from twelve Fe lin rP ' ‘ amount to as much as O’D km/sec. Tin* 

nom twelve k e lines ot average intensity .TO are as follows • 


mean velocities 


Observed velocities 
Reduced to horizontal movement 


Kordi Pemiinbru. .Scitli Pemmihra. 

. ••• + (n;r> km/see. - 0'()7 km/sec. 

rn,,„ , , + Inn/sec. - ()M 0 km/sec. 

,,...... 0 .. c„.sU.e»bI.,nove- 

o( rotation of the ffases at the level of the re’verains larer’ ari ^"7"^ "£ They give no evidence 

are parallel to or normal to the solar surface. ‘ ' >■ "«* Possible to say whether the movements 

« “«■ A,,,., „ 

penmnbnejrat a t¥ratten “ Instantaneous ” oh, t . ' 'ir 7* ‘I'OJ’ Kive poor definition of the 

Of the spot, ami in this there is i v;::::,::: whU 

opposite sides of the spot give opposite movements Tl. '■*”** owr the spot, since 

the middle ot the south penmnhra, the lines over Hu. outer " 0 , 77 '’^' 1 " 

satellite spot on the south Oih-e of the oenm .b, , ‘ There was a small 

.innction hetween the penumiira of the .Si.tellite;;77u;i';i7‘7a777!7,u7^^ *" 

ment towards red is distiuct, hut less in amount than the violet shift on the south side 'PI , ’ 7“ 

spectra taken on this (late show the same displacemeiil.s, hnt less distinctly. " ’ ' 

The measnres of thirteen Fe lines of mean intensity V7 give.the following results 

„] . Ni.rlii Penumhra Sauth Penumbra. 

Observed velocities 

Reduced to horizontal movement + Oli.r km/sec. - (I'hS km/sec.' 

The spot diameter measured from the points of greatest shift was 41,01111 km. Assuming a eontinnon= 

laf, , ” tiot- Hale from the magnetic polarity of spots. He states that “in Ip-polar groups of low 

aWiu e, the preceding spot-vortices rotate couiiter-elockwise in the northern hemisphcK..” * The spot was the 

preceding member of the group, approximately in latitude 4- 2T‘. 

^ It is very i Imibttul whether tli,.se line displacements really indicate rotation ot the gma-s over the spot. There 

7l.7(’r'7r“’ it-self and its outlying satellites, ib shown in our photoheliograph 

P < .. I u ninliia of the preceding spot is of rather irn-gular form on April li ami 7 (see plate III figs 
and hi, but It assumes an elliptical shape with less marked irregularities as the west limb is approticS 

11^ lb mainly due to toreshortemng, the long axib of the ellipse being pandh*! to the limb. There is, however 
a wi. e mdentatioii on the north-east side of the umbra which occupies the same position on the dates April tl, 7, 
t greatly extended oir tlie north sitle of the spot, as well as to the south-tmst : but 

iroughon the interval of four days there is no change in the position angle of tliese outlying pai-ts of the 
.spo . t the gases of the reversing l#er above the spot share in the rotational movement of the underlying 
spot \ortex, one would expect to fiml evidence of rotation in the markings of the spot itself, which should 
turn half round in a day, from the evidence of the liiie-sliifts. But the spot-markings do not show this rota- 
tion, although the radial movement of the overlying vapours is most distinctly indicated in the radial structure 
of the penumbral filaments. 

h rom the whole of the evidence so far obtained with the tangent slit, I conclude that irregular movements 
at right angles to the radial movement may occur in the penumbr® of spots, and that if a rotetioii movement 
exists in some spots, it is not a constant and regular feature, as is the radial movement. 


The Observatory, Kashmir, 
27th June 1916. 


J. FVERSHED, 

Director, Kodaihuned and Madras Obxfu'rrttoriea. 


1 Annual Report of Mount Wilson Solar Obsorvatoiy for lyio. 
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’1>V. 


I. Spot >'i’oiip lillo, April filli, 7^'' I. H. T. 

.. ' 2 . „ ,, „ April 7tli. (12'*’* 1. S. T. 

ii, H])('rtruni of followiii^' spot i 

„ •!. „ „ prcccdiiift sjiot 

The iirrow murks in k'lf,-. 2 iiidiralc the direction of the radial slit in Figs, i! and 4. 


Ain*ii 7th, Region 4"i2tl — foSU. Slit radial. 
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^oUatfeaital #tS!Serbat0tg. 

BULLETIN No. LII. 


SUMMAKY or PROMINENCE OBSERVATIONS POE THE FIRST HALF 

OF THE YEAR 1916. 

In this hiilletin, the prominence observations made at Srinagar by the Kashmir expedition under 
Mr. J. Evershed, the Director, have been used to supplement those made at Kodaikanal. At Kodaikanal the 
visual observations were practically confined to displacements of the hydrogen lines and to metallic promi- 
nences, as the position angles, heights, and areas can now be much more satisfactorily determined from the 
photographs. For those days when Kodaikanal photographs of prominences were incomplete, imperfect or 
wanting, the observations made at Srinagar were substituted when available. Visual observations were made 
at Srinag-ar until February 28, none of which were required, but eleven prominence photographs taken at 
Srinagar were used to supplement the Kodaikanal series. Observations were obtained on 171 days, counted as 
166 effective days. 

The distribution of prominences observed and photographed during the half-year ending June JO, 1916, is 
represented in the accompanying diagram. The full line gives the mean daily areas and the broken line the 
mean daily numbers for each zone of 5° of latitude. The ordinates represent tenths of a square minute of arc 
for the full line and numbers for the broken line. 


Fig. 1. — Mean areas and mean numbers of prominences, ^-Codaikanal and Srinagar. 

January 1 to June 30, 1916. 
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The distribution, which, is practically unafiEected by the inclusion of the Srinagar observations, is very 
similar to that in the previous half year, except that the maximum of the belt between 50° and 70° has shifted 
5° towards the poles. 

The mean daily areas and daily numbers (corrected for partial observations) are given in the table below, 
where the data for Kodaikanal observations alone are also given separately for the sake of uniformity with 
previous bulletins. It is seen tliat the inclusion of Srinagar observations hardly affects the results. 


Koda,ikanal and Srinagar observations f North 
(166 effective days). I 

Mean daily areas 
(square minutes). 

2*06 

177 

Mean daily 
numbers. 

9*51 

9*77 

Total . 

3’83_ 

19*28 

Kodaikanal observations (158^ effec- /North 

l South ... . 

2-08 

1*80 

9*68 

9*97 

Total . 

3*88 

19*65 


Compared with the previous six months there is a decrease of 22'6 per cent in areas and an increase of 
26 1 per cent in numbers, the average area of a prominence having decreased from 0'324 square minutes in the 
last half of 1915 to 0’199 square minutes in the first half of 1916. 

The monthly, quarterly, and half-yearly frequencies and the mean heights and extents of the prominences 
observed at Kodaikanal are given below in the following table. The frequencies are derived from the number 
of effective days. 


Abstract for the first half cf 1^1^ {Kodaikanal). 


Month. 

Number of days of 
observation. 

Number of 

Mean daily 

Mean 

Mean 

Total. 

Effective. 

prominences. 

frequency. 

height. 

extent. 

1916. 





tt 

O 

January 

31 

31 

637 

20-6 

40-0 

3-03 

February 

27 

27 

629 

19*6 

34’8 

3'16 

March 

30 

30 

661 

22-0 

35-7 

2*65 

April 

29 

26i 

633 

20-1 

36-6 

3‘11 

May ... 

29 

28 

488 

17-4 

37-6 

2*78 

June .. ... i.. 

20 

16 

267 

16-7 

34'2 

2-76 

First quarter 

88 

88 

1827 

20-8 

36-9 

2-93 

Second quarter 

78 

70i 

1288 

18-3 

36-0 

3-69 

First half-year 

166 

158i 

3115 

19-7 

36'5 

3-26 


e is a decrease in both the mean height and the mean extent which accounts for the decrease in the 
, prominence noted above. 


, ,4auipi3gh the mean hefehtlw decreased BUghtly.merapaveproimueiioe of unprecedented height was 

The prominence had attained its greatest development 
*t 8 57 I.S.T. when It resembled an enormous fountain 7' in height. At 9» 3” rapid dissolution waS 
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taking place, and the highest portion was found to be moving with high velocity aAvay from the sun. The 
last remnants were photographed at 9^' 22“ at the enormous height of 18' above the limb. A full description 
of this prominence will be published separately. 

Distribution east and ivest of the sun’s axis. 

In the observations at Kodaikanal and Srinagar combined, areas show a preponderance at the eastern limb 
and numbers, a slight preponderance at the western limb. 


1916 January to June. 

East. 

West. 

Percentage east. 

Numbers observed 

1595 

1605 

49-84 

Total areas in square minutes 

3380 

2983 

53-12 


Metallic prominences. 

The following metallic prominences were recorded in the half-year. The two prominences printed in 
italics were recorded at Srinagar : — 


Table I.— Metallic Prominencbs—Januaby to June 191G. 


Pate. 

Hour 

I.S.T. 

Base. 

Latitude. 

Limb. 

Height. 

North. 

South. 

1916. 

IT. M. 

0 

0 

0 


// 

January 4 

8 45 

0 


12 

E 

30 

6 

8 56 

9 

21-5 


E 

60 

7 

1) 5 

5 

25-5 


E 

50 

7 

8 55 


22 


W 

35 

8 

9 5 


21 


W 

30 

13 

8 .33 



17 

w 

10 

18 

10 5.5 

0 


10 

w 

55 

21 

8 50 

4 

39 


E 

65 

22 

8 37 


22 


E 

15 

23 

S 45 



20 

E 

GO 

24 

IS 0 


23 '5 


W 

20 

26 

8 50 

2 


42 

W 

60 

25 

8 59 

2 

24 


W 

35 

Eebruary 5 

8 54 

3 


20-6 

W 

45 

13 

8 45 

1 


18-5 

w 

90 

13 

8 45 

1 


15 

w 

30 

18 

8 26 

5 


66-5 

w 


24 

8 49 

1 


11-5 

E 

25 

2(5 

9 0 

.3 


19 

w 

55 

March 14 

8 .36 



16 

w 

70 

14 

8 20 

2 

20 


w 

25 

17 

9 0 

7 

15-5 


w 

55 

23 

9 0 



28 

E 

15 

28 

8 44 

4 

22 


E 

15 

31 

8 38 

2 

15 


E 

40 


l-A 


Lines. 


Pi) Ps) h.!, ha, hg, hj. 
hi, 1)3, hi slightly bright. 

Pit Psi hi, bsi, hg, hi over the whole height at 
+2(1° and +20“ and over 25'' at other places. 
Pi, Pg, hi, hj, bg, hi. 

G077, Pi, Dg, 5.‘11()'8, 5284'2, 5276-2, hi, bj, b„ 
bi, 5018' 6, 6010, 41)24-1. 

4024-] , 5016, bi, bg, bg, hi, 5264-8, 6276-2, 5284-2, 
5816-8, 5825-8, .5837‘(), 5868-0, Pi, Pg. 

Whole promincune visible hi If, Dz, bi, bg. 

Pit Pst hi, bg, bg, bi* 

Di, Pb, bi, bg, bg, b,|. 

Pit Pb, hi, ba, hg, hi. 

0077, n,, bz, b„ bg, bg, bi. 

Pit Pb, hi, ha, bg, bi 581 (S’S, 

Pit Pat hi, ha, lig, bi, 5816’8. 


4024-1, .5016, bi, ha, bg, b.,, 5197-8, 5234*8, 
527()-2, 581()-8, 5861-8, Pi, P^, 6677 (the last 
lijio only slightly bright). 

} 6677, Pi, Pa, bi, ba, bg, hi, 6.316-8, 4924-1. 

No prominence. Pi, Dg, bj, ba, bg, hi, 5.316-8 
bright over 5“ i metallic at 8>> 56'" also but 
not at O'* 20'". 

pV. pBt'^bi, ba, bg, bi, 4924-1, .5016, 5018-6, 
5276-2, 5284-2, 5816-8, 5404-4, 6677. 

Pi, P 2 . hi. b, bg, bi, 4924-1, .5016, 5018-6, 
5.316-8, 6677. 

Pit P 2 , hi, ba, bg, bi, 4924-1, 5016, 5018-6, 6316-8, 
1)677 . 

Pi> Pat hi, 1)2, bg, b.i, 5316-8. 

4tg4-l,5016, 5018-6,1)1, bg, bg, hi, 5316-8, Pi, 

Pi,'Ps, hi, ba, bg, bi, .5316-8. 6677. 

4924-1, 5016, 5018-6, bi, bg, bg, bi, 5197*4, 
52.34-8, 5276-2, 5284-2, 5316-8, 5863-0, 5425-5, 
5.536-0, Pi, Pa, 6677, 7065. 
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Date. 

Hour 

I.S.T. 

Base. 

Latitude. 

Limb. 

Height. 

Lines. 

North. 

South. 

1916. 

H. M. 

O 

Q 

O 


n 


April 1 

9 20 

4 

13 


W 

25 

D], Da, bi, ba, bg, b 4 , 6677. Prominence well 








visible in bi, ba, bg, bt. 

3 

8 56 


19 


E 

30 

Di, Da, bx, ba, bg, bi, 6677 at base only. 

6 

8 37 

10 


31 ■ 

W 

60 


26 

8 40 


11 


E 

35 

Bit Da, bi, ba, bg, bi. 

29 

8 36 

4 

12 


E 

130 

4924-1, 5018-6, bj, b*, bg, bi, 5197-8, 6234-8, 








5276-2, 5316-8, Di, D*. 

May 6 

8 85 

1 


20-6 

E 

15 

4924-1 bx, ba, bg, bi, 5197-8, 5234-8, 5276-2, 





- 



5284-8, 6316-8, 6363-0, Di, D*, 6677. 

16 

8 43 

5 


26-5 

E 

25 

Di, Da, bi, ba, bg, bi, 6677. 

June 7 

. 8 34 

4 

11 


W 

30 

bi, ba, bg, bi. 


There is an increase on the previous half-year in the number of metallic prominences observed. 


Di^lacemmts of the hydrogen lines. 

The displacements observed at Kodaikanal are given in Table II. A and those observed at Srina.gar up to 
February 28 in Table II. B. 


Table II. A. — Bisplaoimbntb of the 0 Lrtrai m Prominbnohs obsbrvbp at Kodaikanal, 

January to Junb 1916. 


Date. 

Hour 

Latitude. 

Limb. 

Displacement. 

Bemarks. 

I.S.T. 

N. 

S. 

Bed. 

Violet. 

Both ways. 




1916. 

H. M, 

. » . 

0 


O 

A 

1 

O 

A 


J anuary 1 

2 

8 55 

8 48 

63-5 

19 

E 

E 


Slight 

Slight 


At north end. 

3 

8 49 

61 

49 

W 

Slight 




8 45 

8 45 

8 45 

12 

9 

W 

E 

B 

Slight 

Slight 

0-5 


At top. 

6 

8 48 

11 


E 

Slight 

Slight 


To red at base ; to violet 

6 

8 48 

18 

22 

86 

W 

Slight 



at top. 

7 

9 10 

9 0 

8 56 

58-5 

E 

W 

W 

SUght 

Slight 


Over lower portion. 

Over upper half. 

8 

9 5 

21 


w 

1 

1 



9 

12 

8 54 
8 48 

8 42 

22 

53 

39 

w 

w 

E 

Slight 

0-6 

0-6 


At south end. 

Over jets. 


8 40 


69-5 

E 


. 0-5 



13 

8 50 


34 

W 

Slight 



8 55 


36 

E 

2 




9 0 

8 29 

26 

44-6 

W 

w 

Sli^t 



At base. 

15 

8 22 

83-5 


w 

Slight 




8 49 

62-6 


E 

1 


At top. 


185 


Latitude. 


N. S. 


Amount of displacement. 


Violet. Both ways. 


Remarks. 


■January 


^February 


8 54 

8 39 

8 56 

8 48 

8 42 

8 32 

8 32 

8 30 

8 48 

8 56 

8 35 

8 35 

8 49 

8 59 


8 37 

8 36 

8 50 

8 51 

8 56 

8 32 

8 27 

8 47 

8 51 

8 44 


9 55 

9 50 

8 55 


9 2 

8 22 
9 40 

8 43 

9 16 

9 20 

8 54 

9 9 

8 49 

8 47 

8 54 

8 50 

9 0 

8 55 

8 53 

8 56 

8 46 

8 45 

8 43 

8 45 


8 39 

8 47 

8 31 


At base. 

At top ; not seen at 9’' 5™. 
I At base. 

Over lower part. 


To red at top ; to violet 
at base. 

To red at top ; to violet 
at base. 

At base. 

To red at base ; to violet 
at top. No displace- 
ment at 9'i 2'". 

Symmetrically widened. 


To rod only for 0‘5 .A. at 
8" 49'n. 

At top. 

At base. 


At top. 

The violet displacement 
a little to the north of 
. the other. 

At base ; not seen at 

Cjh (Jm. 

At top. 

At top. 


To red at top ; to violet 
at base. 


To red at base ; to violet 
at top. 

To red at top ; to violet 
at base. 

Two bright points on 
chromosphere. 


At base. 4 A to violet 

O 

and 1 A to red at 8’* 47”'. 
No displacement a 
S’* 55">. 

O 

3 A to violet at top at 
9'* 12'«. 
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Amount of displacement. 

Bed. 

Violet. 

Both ways. 



February 17 


82-6 E 

55 W 

W 

W 

67 E 

W 

11*6 E 


To red at baa© ; to violet 
at top. 

At base. 


Over lower half. 
Over chromosphere. 
At base. 


62-76 E 


67‘6 E 

E 
E 
E 
W 
E 

70 E 

67-5 E 

67 E 

E 

24 W 

E 

16 W 

W 

W 

20-6 W 


Slight 

Blight 

0-5 

0*6 

1 

Slight 

Do. 


Slight 

Do. 


0'6 

Slight 


1-6 

Slight 


At top. 

At two difiEerent points. 

To red at top ; to violet at 
base. 

Changing ; at 8*1 56“ whole 
prominence bodily dis- 
placed to violet for 1‘6 A. 
at northern end and C 
slightly displaced to red 
at 74° E. Southern half 
of prominence displaced 

to violet for 1’5 A. at 
S'* 15“ ’ 

At top. 

To red at base ; to violet 
at top. 


Over streamers. 
At top. 


In different places. 


Over chromosphere. 
At different points. 
At top. 


Over chromosphere. 

At top. 

To violet only for 1‘6 A 
at 9’’ 0“. 

At top. 

To red at top ; to violet 
at base. 


34*6 W 
E 


At top. 


To red at base ; to violet 
at top. 
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Date. 

Hour 

I.S.T. 

Latitude. 

Limb. 

j Amount of displacement. 

Eemarks. 

N. 

S. 

Bed. 

j Yiolet. 

Both ways. 

1916. 

H. M. 




A 


1 


March 29 

9 40 

14 


E 


Slight 


Over whole prominence. 


9 43 


19-5 

B 

0-5 

Do. 


To red in the southern 









half ; to violet in the 









northern. 


9 23 


20 

W 

1 



Over whole prominence. 

30 

8 40 

G 


E 

0-5 




31 

8 38 

IG 


E 


Slight 


At north end. 


8 37 

8 


E 


Do. 


At top. 


8 32 


59 

B 

Slight 



At south end. 

April 1 

9 5 

13 


W 

2-5 

1 

1 

C bulged out 1 k. on the 









lower mass and dis- 









placed at 6 or 7 points 









on the upper part 2'5 A 









to rod and 1 A to 









violet. 

3 

8 56 

2G 


E 


Slight 


At northern end of pro- 









niinence. 


9 0 

11 


E 

Slight 



At base. 


9 14 


72 

B 

Do. 




4 

8 35 

G2-5 


B 

1 





9 5 

19-5 


E 


Slight 




9 14 


72 

W 


Do. 




8 45 

28 


W 

Slight 




6 

8 50 


81 

w 


Slight 




8 37 


31 

w 

Slight 



At two or three points. 


8 33 

21 


w 

Do. . 




7 

9 32 


15-5 

E 


Slight 


Over whole prominence. 


9 40 


53-5 

w 

4 





9 20 

29 


w 


Slight 



10 

8 53 


15 

w 


1 



11 

8 29 

G 


E 

15 





8 48 

35 


W 


1 to 5 


Whole prominence dis- 









placed, amount ranging 









from 1 to 5 k. 

18 

8 53 

29 


E 


Slight 




8 53 

23 


E 


Do. 



22 

8. 32 

82 


B 


Do. 



23 

9 2 

65 


E 

Slight 



At base. 


9 0 

23 


E 


Slight 



24 

8 41 

22 


E 


Do. 


At top. 


8 43 


25 

E 

Slight 

0-5 




8 49 


84 

E 

Do. 




25 

8 33 

69-5 


E 

Do. 



At northern end. 


8 3S) 


34 

E 

Do. 



At top. 


8 35 


75-5 

E 

Do. 




26 

8 40 

11 


E 


1 




8 32 


6G 

E 


0-5 


At top. 

27 

8 40 

25 


E 


Slight 




8 45 


81 

E 


Do. 



29 

8 58 

79 


B 


0*5 




8 40 

32 


E 

05 



At base. 


8 36 

12 


E 

Slight 

Slight 


To rod at base ; to violet 









at top. 


8 32 


16 

E 

Slight 





8 32 


18 

B 


Slight 



30 

8 44 

14 


E 

Slight 




JSEay 2 

8 30 


17-5 

E 


1 


At top. 


8 25 


57 

E 

Slight 




4 

8 19 

82 


E 


Slight 




8 40 


17 

E 

Slight 

Do. 


To red at base ; to violet 




I 





at top. 


8 21 

57 


W 


Slight 



6 

8 31 


28-5 

E 

Slight 



At top. 

7 

8 35 


19-5 

E 

Do. 





8 40 


36 

E 


Slight 


At top. 


8 26 

29 


W 

Slight 



At top. 
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Date. 


1916. 


May 


June 



Hon 

I.S.O 

■ 

[^Mj 


Amount of displacement. 


N. 



Red. 

Violet. 

Both ways. 


H. 

M. 

0 

0 1 


1 


0 

A 

11 

8 

26 


45 

E 



Shght 


8 

42 


17 

W 

Slight 

Slight 

13 

9 



45 

E 

Slight 




8 

49 

8 


W 

Do. 



14 

8 

41 

69 


E 

Do. 



15 

8 

mm 


17 

W 

Do. 



16 

8 

23 

■aiM 


E 


Slight 



8 

37 

17 


E 


Do. 



8 

43 


25-5 

E 

0-5 



21 

9 

12 


13-5 

E 


Slight 


22 

9 

12 


12 

E 

Shght 


9 

52 

37 


E 

1 





19 


17-5 

E 

1 



23 

9 

34 

22 


E 

Slight 

Slight 


24 

8 

23 

56 


W 


Do. 


25 

8 

39 


23 

W 


Do. 



8 

35 

15-5 


W 


0-5 


26 

8 

23 

64 


E 


Slight 


27 

8 

59 

25 


E 

Slight 




8 

58 

19 


E 


Slight 



9 

9 


10 

W 

1 

Do. 



■a 



71 

W 

0-5 



31 

8 

47 

22-5 


w 

Slight 




8 

Bn 

73-5 


w 

Slight 


1 

8 

46 


32 tc 
45 

E 

Slight 

1-5 



8 

29 


12 

w 

2 




8 

20 

88-5 


w 


Slight 


2 


KM 


6T5 

E 


Dm 



9 

27 


12 

w 

3 

1 



9 

29 


14 

w 

Slight 



7 

8 

34 

11 


w 

Do. 



8 

9 

35 


26 

E 

Do. 



9 

10 

9 

46 

13*5 


w 


Slight 


9 

9 

18 

9 

11*5 

14-5 

E 

W 


1 

Shght 

14 

11 

6 


1T5 

w 



Shght 

17 

8 

35 


mm 

E 

Shght 


23 

8 

35 

14-5 


W 

Slight 


30 

9 

20 


11 

w 

1 



Remarks, 


Symmetrically widened. 
The violet displacement 
a little to the north of 
the other. 

At base. 


Over the streamer at top. 
At top. 


To violet over lower and 
to red over upper part 
of prominence. 


An extraordinarily tall 
prominence over 15' 
in height. At 8'“ 50'" 

Cwas displaced 3 1 to 
red over lower half and 
slightly to violet over 
upper half. 

At northern end. 

Do. 

To red at top ; to violet 
at base. 


At base. 


Slightly to violet at top 
over northern half and 

for T5 A to violet over 
southern half ; slightly 
to red at base at 
southern end. At 
311 52'" C was displaced 

3 A to violet over top 
of southern half. 


At top. 

Not seen at 9’' 29"'. 

At top. 

Over whole prominence. 
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Table II. B.— Displacements op the C line in pb,ominbncbs observed at Srinagar. 

1st January to 28th February 1916. 





Latitude. 



Amount of displacement. 


Date. 


Hour. 



Limb. 





Remarks. 


I.S.T. 

N, 

S. 

Red. 

Violet. 

Both ways, 




1916. 


H. M. 


'> 



Ci 

A 

A 

O 

A 


January 

2 

9 45 


7 

E 


1 to 3 

1 to 3 


Prominence broad, 0 

0 

displaced 1 to 3 A to 
violet at the southern 











eird and the same 
amount to red over the 
rest of the prominence. 











Displacement to violet 
same as before but only 

0'5 A to red at 9^ 52™. 
Displacements in both 
directions very slight 











at 10'* 45™. 


4 

10 30 


8 

E 



2 1 




5 

14 30 

9-5 


E 


Slight 



At base. 


7 

16 10 

71 


W 



0-5 




8 

12 20 


20‘5 

W 


Slight 





8 

12 24 

31-5 


w 


Do. 

Slight 


Near base. 


10 

11 2 

70'5 


E 



Do. 


At base. 


17 

15 33 

22 


w 



1 1 


Near base at northern 









end. 


21 

14 10 


23-5 

w 


2 

0’5 


Over whole promiuonce. 


22 

11 18 

16 


E 





24 

13 0 

23-5 


w 


0-5 


1 

1 to 2 X to rod at 15’> O'". 


25 

11 15 

28-5 


w 





February 

18 

22 

14 33 

9 57 

27-5 

69 

1 



Sli^jht 




There was a large increase on the previous half-year in the nmnber of displacements observed at Kodai- 
kanal. There were 127 in the northern hemisphere and 133 in the southern ; there were 148 or 56'9 per cent 
in the eastern and 112 in the western. One hundred and fifteen were to the violet, 129 to the red and 16 both 
ways simultaneously. Between 0° and 30° of latitude there were displacements observed in 152 prominences, 
between 31° and 60° in 47, and between 61° and 90° in 61. 


Reversals and 'Displacements of t'he G line on the Disc. 

Three hundred and five reversals of the 0 line, 34 darkenings of* the Ds line, and 103 displacements were 
recorded. Each of these is an increase on the second half-year of 1915. Their distribution east and west of 
the central meridian is given below : — 



East. 

West. 

r Reversals of 0 near spots 

161 

144 

Kodaikanal. j Darkenings of Da ... 

17 

17 

Displacements of C ... 

58 

45 


There was, as usual, a large preponderance of displacements towards the red, 70 being to the red, 25 to the 
violet, and 8 both ways simultaneously. 


Prominences projected on t'he Disc as Absorption Markings. 

The grating spectroheliograph for photographing the absorption markings in Ha light was in regular use 
during the six months. Photographs were obtained on 147 days, counted as 133 effective days. The 
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mean daily areas in millionths of the sun’s visible hemisphere, corrected for foreshortening, and the mean 
daily numbers are given below : — 


1916 Jan. — Jane. 


North ... 

South ... 



... 

Areas. 

406*1 

439*9 

Numbers. 

5*0 

5*7 



Total ... 

846*0 

10*7 


The daily number is the same as for the previous six months, but there is again a diminution in areas. The 
distribution in latitude is given in the accompanying diagram. The diminution in the mean daily areas is seen 
to he largely due to the decrease in activity in the belt between 50° and 70°. 



BULLETIN No. LIIL 


THE DISPLACEMENTS OE NICKEL AND TITANIUM LINES 

IN THE SUN AND ABC. 

By T. Royds, D.So. 

Tlie displacements of tlie iron lines in the solar spectrum have been given in previous bulletins ^ and from 
the eun-minus-arc displacements Mr. Evershed deduced a vertical current at the centre of the sun’s disc 
decreasing with depth, and a low pressure in the sun. It was shown, however, that lines which are 
iinsymmetrical in the arc have abnormal displacements in the sun, and these lines had to be left out of 
consideration. In extending the investigation to nickel and titanium it has to be remarked that these abnormal 
displacements are much more frequent than with iron. In the case of nickel it is doubtful whether there are 
any really symmetrical lines in its spectrirm. So rare are symmetrical lines in nickel and titanium that it has 
not been possible to confirm, except to a limited extent, the conclusions arrived at from the iron lines, but one 
can only say that the results from nickel and titanium are not inconsistent with those indicated by iron. 

Five separate investigations of displacements were carried out, namely : — 

(i) Centre of sun’s disc minus centre of nickel arc, 

(ii) Centre of sun’s disc minus centre of titanium arc, 

(iii) Liinb of sun minus centre of sun’s disc, 

(iv) Negative pole of nickel arc minus centre of nickel arc, 

(v) Negative pole of titanium arc minus centre of titanium arc. 

The displacements measured are given in Tables IX and X at the end of this bulletin. The limb-minus- 
arc displacements were obtained by addition of the displacements in (i) and (iii), and in (ii) and (iii) for nickel 
and titanium respectively. 

Experimental Details. 

The spectrograph has been described previously^, but has now an Anderson grating with 97 x 12’8 cm. 
ruled space and 75,085 lines. The third order spectrum was used and the dispersion varied from 0*85 
angstroms per mm. at A 3560 to O' 64 angstroms per mm. at A 5170. The optical arrangement for 
photographing sun and arc simultaneously was the same as that employed previously® and the device used for 
photographing the two limbs and the centre of the disc simultaneously was the same as that described in 
Kodaikanal Observatory Bulletin No. XXXIX. Care was taken that the grating was uniformly illuminated 
from each of the different light sources whose spectra were required in juxtaposition for measurement of the 
displacement of the lines. For the adjustment of the limb and centre plates in the micrometer, lines of the 
iron arc were impressed on the plates but were not used for measuring displacements. 

The electric arc was supplied from a battery of 110 volts and burned in air at 580 mm. pressure (the 
normal atmospheric pressure at the altitude of the observatory). The arc was placed vertical, parallel to the 
slit, with a length of 10 mm., enlarged to 32 mm. on the slit plate by a condensing lens. The arc length 

^ Kodaikanal Observatory Bulletins Nos. XXXVI, XXXYIII, XXXIX, XLIT, XL YI. 

® Kodaikanal Observatory Bulletin No. XXXVI. 
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and current "were kept as constant as possible t]ironglion.t the series of experiments but it ■will be readily 
understood that the displacement at the negative pole depends to such a large extent on the instantaneous 
condition of the arc that the photographs do not form one homogeneous series even though the regions 
photographed were made to overlap. This does not apply however to the sun-minus-arc determinations, for 
the wavelength at the centre of a long arc is sufficiently stable for the whole set of photographs of about lOOA 
each to form a homogeneous series. 

The arc had generally to be exposed longer than the sun to give easily measurable arc lines, so that the 
exposures were not always strictly simultaneous, but the exposure in the sun was always made in the middle 
of the arc exposure ■without interrupting the latter. 

In each region of the spectrum it was found necessary (as also previously "with the iron spectrum) to have 
some photographs with a short exposure on the arc and some ■with a longer exposure. The stronger arc lines 
are measured in the short exposure plates and the fainter lines in the long exposure ■with a sufficient number 
of lines measured in both to prevent systematic differences being unnoticed. This procedure is necessary in 
order to avoid making measures on overexposed arc lines, for in my experience it is not possible to set 
accurately on them and in the case of unsymmetrical lines the measures may not be true o-wing to the 
difficulty of distinguishing the position of maximum intensity. 

Measurements of each plate were made with the red on the right hand side and again •mth the red on the 
left, and were made in duplicate by two measurers. 

Many lines are included in Table IX which were not identified by Rowland, but there is little reason to 
doubt their identity. Rowland missed them perhaps because he did not recognise that lines > nebulous and 
faint in the arc are generally strengthened in the sun (being high temperature lines) and had no reason to 
expect ‘such large differences of wavelength between sun and arc which we now know to be due to the 
tmsymmetrioal character of spectrum lines. 

I— Nickel Lines. 

1. The di^tacement at the negative pole of the nickel arc. 

These displacements, given in Table IX, column 6, each the mean of three determinations, have been 
measured in the same way as those of iron and other elements described in Kodaikanal Observatory Bulletin 
No, XL. As there was no supply of pure nickel available, ^‘nickel” coins (value one anna) of the Indian 
coinage were taken for the arc. The coins are an alloy consisting of 80 per cent of nickel with 20 per cent of 
copper. A coin was made the lower, negative, electrode and the upper electrode ■was commercial iron. With 
this arrangement the arc burned very steadily, more steadily than the arc between two iron electrodes ; the 
iron lines were produced simultaneously and gave a check on the consistency of the results ■with previous 
measures of the sun and iron arc. The arc length was 10 mm. throughout, enlarged to 32 mm. on the slit 
plate, and the current strength amperes. In order to avoid iron globules adhering to the anrifl. coin when 
the arc was struck, the electrodes were never brought into contact but the arc was started by inserting a piece 
of arc carbon between the electrodes. 

Except in the region above X 3900, most nickel lines undergo a large displacement either to the red or to 
the violet. As in the cases of other elements the lines are displaced in the direction to which they ■widen 
■nnsymmetrically in the arc and those lines which appear symmetrical have zero or small displacements. It is 
not claimed that the negative pole displacements less than about 0’004A recorded in Tables IX and X 
are real, but the means of the measures have been given without modification. In some cases where the lines 
are too faint or diffuse for measurement the direction of the displacement at the negative pole was e^vident under 
low magnification and has been noted in the table. 

There is a parallelism between the pressure displacements given by Duffield^ and the displacements at the 
negative pole but it is very doubtful whether there is any physical relation between the true pressure effect 
and the negative pole displacement, It seems more than probable that pressure displacements as determined 

^ DufELeld, Phil. Trans, Roy. Soo., 215, 205, 1915. 
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from increasing the pressure of the atmosphere surrounding the electric arc are, to a greater or less degree 
depending on the condition of the experiments, not free from the displacements observed at the poles of the 
arc. Consider, for example, the values given by different experimenters for the pressure shift of the Mount 
Wilson group e of the iron lines which are displaced to the violet at the negative pole. The lines of this 
group were originally defined as those which shift, and widen unsymmetrically, towards the violet under 
pressure,^ and Gale and Adams give the pressure shift of the group in the region X 5400 to be - 0'014A per 
atmosphere (i.e., to the violet) in comparing the arc in vacuo with the arc at pressures up to 1 or 2 atmo- 
spheres.® St. John and Babcock, however, comparing the arc in vacuo with that at pressures up to 1 atmosphere 
obtain a value of + O’OOITA per atmosphere (i.e., to the red), at mean wavelength X 5392 and - 0‘0035A per 
atmosphere (i.e., to the violet) for the lines at mean wavelength X 3765*^. St. John and Babcock do not state 
why their experience differs from that of Gale and Adams working between the same pressures, but one may 
assume it is because they have had a longer arc, or have avoided the polar regions, or both. It is probable 
that the values of St. John and Babcock are more free from the pole displacement but it is open to question 
whether they represent the true pressure shift even now. 

It is to be noted that the lines showing decided displacement at the negative pole are generally high 
temperature lines belonging to those groups which are faint or absent in the furnace spectrum according to 
the experiments of King,* but are not enhanced in the spark. 

2. The sun-minus-arc displacements of nickel lines. 

These are given in column 7 of Table IX. Only the central portion of a long arc was used for 
comparison with the centre of the sun’s disc. 

(a) Helation to negative pole displacements. — The intimate relation between the displacements in the sun 
and at the negative pole of the arc is at once evident from Table IX. The linos with a decided shift to the 
violet at the negative pole are displaced in the sun more to the red than lines with zero or slight shift at the 
negative pole, and those with a shift to the red at the negative pole are displaced to the violet in the sun or, in 
a few cases, only slightly to the red. This indicates that the condition of the vapour (probably vajjour 
density®) at the centre of a long arc is intermediate between that in the sun and that at the negative pdle of the 
arc. In the following table, the average sun-minus-arc displacements are given for lines classified according to 
the amount of the shift at the negative pole of the arc. The result of the table is embodied in the accompanying 
diagram. 


Table I. — Eelation hetiveen sun-minus-a?'c displacements and negative pole displacements for nickel lines. 


Displacement at negative pole. 

Over — 'OllA. 

— •014A to 

— -OOIA. 

— -OOBA to 
+ -ooaA. 

+ •004A to 
+ -OllA. 

Ovor+ ’OllA. 

Mean displacement at negative pole 

- •0226A. 

- -oogoA. 



+ •0225A. 

Mean centre-minus-arc displacement 

+ -OlOBA. 

+ •0073A. 

.+ -OOSIA. 

~ -OlMBA. 

- -OOGSA. 

Xumber of lines 

7 

6 

32 


28 


On account of the non-homogeneity in the series of the negative pole shifts referred to previously, it 
is of no service to attempt to formulate algebraically the law connecting solar displacements and negative 
pole displacements, but it would seem from the diagram that a displacement to the red at the negative pole 
results in greater abnormality in the solar displacement than an equal one to the violet would, and that small 
displacements at the negative pole are proportionately more effective than large displacements. 


A St. John and Miss Ware, Astropliysical Journal, 36, 14, 1912. ^ Gale and Adams, Astrophysical Journal, 37, 391, 1913, 

® St, John and Babcock, Astrophysical Journal, 42, 231, 1915, ^ King, Astrophysical Journal, 42, 344, 191.5, 

® Royds, Kodaikanal Observatory Bulletins ISTos. XXXYIII and XL, 
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Fig. l.“IlBLATION OP SOLAR DISPLACEMENT TO THE DISPLACEMENT AT THE 

NEGATIVE POLE OP THE ARC. 

To the relation, expressed in Table I and the diagram there are only 13 exceptions (not included in the 
table) out of 124 lines with negative pole displacements noted. Perhaps they are dne to their being nnsnspecbed 
blends in the solar spectrum. These 13 exceptions are given below : — 


Exceptions to TaUe I. 


X 

Shift at negative pole. 

O 

-arc. 

3772-673 

+ 

•001 A 

+ 

■019A 

3793-745 


0 

— 

7 

3913-123 

— 

2 

— 

1 

4164-804 


0 

— 

2 

3670-536 

+ 

6 

+ 

5 

4006-304 

4- 

13 

4 - 

15 

4284-838 

+ 

13 

+ 

4 

4325-777 

+ 

13 


6 

4401-709 

4* 

19 

+ 

4: 

4459-199 

+ 

24 

+ 

4 

4925-746 


13 

+ 

6 

5099-497 

+ 

15 

+ 

4 

3724-970 

” 

17 

+ 

3 


(5) Relation of sun-minus-arc displacement to intensity. — Mr. Evershed has shown that the stronger iron 
lines (i.e., high level lines) have larger displacements to the red than the weaker lines, and these displacements 
were interpreted as Doppler effects due to a descending current at the centre of the sun’s disc decreasing with 
depth. The nickel lines, however, taking account only of those with zero and slight pole displacements, do not 
show any variation with intensity as the summary in Table II shows. 


Table II. — Relation of sun-minus-arc displacements to intensity for nickel lines with zero or slight pole 
displacements (jbetween i 0*0034) excluding aa. 3772*673, 3793*745. 


Intensity 

0 

1 

2 

3 

4 

5 

6 

7 

8 

10 

Mean Q— arc 

+ -0020 

+ -0023 

+ -0032 

+ -0022 

+ -0028 

+ -0037 

+ -0023 

+ -0040 

4- -0035 

+ -0030 

Humber of lines ... 

2 

3 

6 

6 

4 

3 

^ 6 

2 

2 

1 

J 

Mean intensity ... 

Vw. - 

1-9 


Vi. 






Mean© — arc 

+ 0-0025A 

+ 0-0030A 

Number of lines . . . 

16 

18 
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Thus the lines of mean intensity G‘0 have a mean displacement larger than that of lines of mean intensity 
1*9 by the doubtful amount of O'OOOo A. According to St. John’- lines of nickel and iron of equal intensity 
originate at the same level in the sun, and consequently we must expect equal displacements if due to Doppler 
effects. The absolute displacements of the nickel lines, + 0'0028A for mean intensity 41 are in good agree- 
ment with those of the iron lines" between intensities 2 and 7, namely + O'OOJIA, mean intensity 3‘9. 

The variation of the displacement between lines of mean intensity 1'9 and G’O is small, in agreement with 
the results for iron lines of like intensity but the strongest nickel lines in the above table would have been 
expected to give larger displacements. Perhaps the reason for this discrepancy is to be found in the fact that 
the nickel lines although almost or quite symmetrical in the arc at atmospheric pressure are teally unsymmetri- 
cally widened towards the red, only becoming obviously so under pressure as shown for almost every line in 
column 5, Table IX, from the data of Duffield® and Bilham.'^ It should be remembered, however, that the 
nickel lines on the whole originate at lower levels than the iron lines which have been studied, and there is 
some evidence with the iron lines that the variation with intensity becomes less at the lower levels. 

(c) Presmra in the sun. — A relationship could also be traced between the sun-minus-arc displacements 
and the pressure shift, giving indications of nearly J^ero pressure in the sun if all lines are considered, but this 
apparent relation is principally due to the dependence of the pressure shifts of unsymmetrical lines on the 
shift at the negative pole. At present we can only make use of the lines whicli undergo zero and slight shifts 
at the negative pole, although even these lines seem, from what has been said in {h), to be under suspicion. 
The range of the pressure shifts for these lines is small but they can be divided into two groups of more and 
less affected lines and the mean displacements for the two groups are given in Table III. 


Table III. Solar pressure deduced from lines with nepaMve pole shifts hetween i O’OOBA, excluding 

Kx 3772-(573, 3793745, 4855'(){)0. 




j Less affected lines. 

More alfcetod lines. 



Pressure shift per atmo- 
sphere. 

-1- O-OOllA 

+ •0024A 



O — arc displacement 

-h 0-0032A 

+ •0032A 



Number of lines 

15 

- 

16 



There is no difference in the solar displacement for the two groups of symmetrical lines with a relative 
difference of pressure shift of 0’0()13A per atmosphere. The solar pressure is therefm*o equal to the pressure 
of the atmosphere at the altitude of the observatory. This result is in agreement with the pressure deduced 
from the symmetrical iron lines. 


S. IJisplacement of nicM lines at tJie sun's limb. 

It is seen from column 9 of Table IX that the limb-minus-centre displacements are more regular than 
the centre-minus-arc displacements ; Mr. A. A. Narayana Ayyar has shown® that lines with very large centre- 
minus-arc displacements have normal values for the limb-minus-centre displacement and the values for 
nickel con-firm this. There seems to be no connection whatever between limb-minus-centre displacements 
and the unsymmetrical character of the lines as evidenced by the shift at the negative pole. 

(a) Relation to intensity .—O uIy 21 hues with slight shift at the negative pole are available and their 
mean limb displacement is given in Table IV. As, however, there seems to be no abnormality depending on 
pole displacements the means of all lines irrespective of the value of their pole shifts have been given in 

Table V. 


" St. John, Astrophysical Journal, 38, 341, 1913. “ Kodaikanal Oteervatory 

3 Duffield, Phil. Trans. Poy. Soc., 205, 215, 1915. ^ Bilham, Phil. Trans. Eoy.Soc.. 214, 3o9, 1914. 

® Naraytiiifi Ayyav, .ICodjiikaiial ObsQrvatoi'y Bulletin No/XJjIV. 
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Table IV. — Relation of liml)-minus-centre and limh-minus-arc displacements to intensity for lines 

ivitli negative pole shift between ± O’OOiM. 


Intensity 

0 

I 

2 

3 

4 

5 

6 

7 

Limb — centre 



-t- -0026 



+ -0065 

+ -0045 

+ -0035 

Centre — arc^ 

+ '0020 

+ •0023 

+ 0032 

-»-'0022 

+ -0028 

+ -0037 

+ -0023 

-1- -0040 

Limb — arc 

-1- -0020 

+ -0068 

+ -0058 

-+ -0072 

+ 'Oils. 

-t- '0102 

+ -0068 

+ -0075 


Table V. — Relation of limb -minus-centre displacements to intensity for all linos. 


Intensity 

0 

1 

2 

3 

4 

5 

6 

7 

Limb — centre 

+ -0014 

+ -0034 

+ -0034 

+ '0044 

+ -0048 

+ '0056 

+ -0043 

+ -0035 

Centre — arc’* 

+ -0020 

+ '0023 

+ -0032 

+ '0022 

+ -0028 

-+ -0037 

+ -0023 

+ -0040 

Limb — arc ... 

+ -0034 

+ -0057 

+ -0066 

+ '006f) 

+ -0076 

-t- -0093 

-h '0066 

+ -0075 


From these two tables there is slight evidence of the variation of the limb-niinns-centre displacement 
with intensity which was fonnd with the iron lines. Except for the lines of intensity 0, the variation is so 
small as to be of doubtful reality, however. The absolute values of the displacements are slightly smaller 
than those of the iron lines at the same level. 

(&) Relation to wavelength . — There is a slight variation of the limb-minns-centre displacem.ent with 
wavelength, the mean for lines from \\ 3662 to 4490 being + ‘0025A and that from w 4513 to 5160 being 
+ * 0036 }^. 

{c) Limb-minus-arc displacements . — If the limb-minns-arc displacements are obtained by adding the 
limb-minus-centre shifts to the centre-minus-arc shifts the results are seen to be mainly dependent on, the 
influence of the negative pole displacement on the last mentioned. Taking, therefore, the centre-minus-arc 
displacements of only those lines which have zero or slight displacements at the negative pole, the relationship 
of the limb-minus-arc displacements with intensity is shown in Tables IV and Y. As was to be expected from 
the approximate uniformity in both limb-minus-centre and centre-minus-arc displacements, the resultant liinb- 
minus-arc displacement is also nearly constant. 

The absolute values of the limb-minus-arc displacements of nickel lines are smaller than those of iron 
lines due to smaller values for both limb-minus-centre and centre-minus-arc. 

[II. — Titanium lines. 

1. The displacement at the negative pole of the titanium arc. 

The arc spectrum of titanium was obtained by feeding small quantities of titanium metal on to the 
lower, negative, electrode of a carbon arc. The determination of the displacement at the negative pole was 
confined to a few regions containing strong lines as the supply of titanium was insufficient for the complete 
spectrum.. On account of the surprising brilliancy of the luminous spot near the negative pole the lines are 
usually overexposed in the few photographs obtained, and the measurements are consequently not so accui'ate 
as is desirable. The arc length was 10 mms., and the current strength 6 amperes. 

The displacements at the negative pole of the titanium arc are given in Table X, column 4. It is seen 
that the majority of the lines investigated give appreciable displacements at the negative pole, mostly to the 
red, and the displacements seem to have no relation to the pressure shifts. 

2. The sun-minus-arc displacements of titanium lines. 

These are given in column 5 of Table X. 

(a) Relation of sun-minus-arc displacements to negative pole displacements . — As in the case of nickel, 
the shifts at the negative pole are seen to account for most of the deviations from normal displacement. 
Grouping the lines according to the direction and amount of their pole shift a relation similar to that for the 
nickel lines is obtained in Table VI. 

^ The centre-minus-arc displacements are derived from a larger number of lines in some cases. 

“ The centre-minns-arc displacements are derived from lines with slight pole displacement only. 
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Table VI. Relation between sun-minus-arc displacem.ents and negative pole displacements 

for titanium limes. 


Displacement at negative pole 

— 'OOSA to 

- •004A 

— '003 A to 
+ -OOSA 

-t '004A to 
+ ‘010 A 

Over 
+ -OlOA 

Mean displacement at negative pole ... 

- -OOG-SA 

+ -OOObA 



Mean sun-minus-arc displacement 

+ •00,30A 

-t -OOSOA 

+ •0021A 

- •0024A 

Number of lines 

3 

13 

22 

9 


(b) Relation of sun-minus-arc displacements to intensity. — The range of intensities of titanium lines is 
less than that of either nickel or iron. All lines were taken into consideration as the pole shifts are not 
known throughout the spectrum and the means are given in Table VII. 


Table Yll.— Relation of sun-minus-arc displacements to intensity for all titanium lines except 'K 5025749. 


Intensity 

00 

0 

1 

2 

3 

4 

5 

Centre — arc 

— -0015 

-t *0017 

+ -0002 

+ *0024 

+ -OOBl 

+ -0021 

+ -0040 

Number of lines 

2 

12 

IG 

26 

20 

10 

1 


I ^ 


J 

1 ^ 

J 


Mean intensity 

0-4 

"V 

2-4 



4-1 

Centre — arc 

-i- -0007 

+ -0027 

+ -0024 

Number of lines 

30 

4G 

11 


According to St. J ohn the lines of titanium originate at the same level as iron lines of intensity higher by 
one unit. Above intensity 2, the absolute value of the mean displacement is in satisfactory agreement with 
that for nickel and iron, but below intensity 2, the shifts are smaller than expected. Perhaps the exclusion of 
all lines exhibiting pole shift would rectify this. 

(c) Pressure in the sun. — On account of the dependence of the solar displacements on the pole dis- 
placements and also on account of the paucity of lines with small displacements at the pole it is of little service 
to attempt to deduce the pressure in the sun from the relative shift of the more and less affected lines of 
titanium. The result however, as in the case of nickel, taking all lines into account is in the neighbourhood of 
absolute zero pressure in the sun, but this is not .believed to represent the true solar pressure, because lines 
exhibiting pole displacements have not been excluded. 

8. Displacement of the titanium lines at the sun's limb. 

The limb-minus-centre displacements are fairly regular for the titanium lines also. For lines above 
intensity 2, the displacements are practically independent of intensity, as shown in Table VIII. 

All lines have been taken into consideration on account of the incompleteness of the determination of the 
negative pole displacements. 


Table VIII. — Relation between limb displacements and intensity for all titanium lines. 


Intensity 


0 

1 

2 

3 

4 

5 

Limb — centre 


+-•0030 

+ -0008 

+ -0036 

+ -0029 

+ -0037 

+ ‘0040 

Centre — arc 

- -0015 

+ -0017 



+ -0031 

+ ’0021 

+ -0040 

Limb — arc 

- -0015 

+ -0047 

+ -0010 

+ -0060 


BE 9! 

+ -0080 


Number of lines 2 


12 


20 
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Th.6 absolutG values of both limb-niiiius-ceiitre and. limb-mimis-arc displacements are smaller than those 
for the iron lines at the same level in the sun. The smallness of the latter displacement is probably principally 
•due, as in the case of nickel, to the abnormality of the centre-minus-arc displacements on account of the 
unsymmetrical character of the lines in the arc. 

My best thanks are due to Mr. A. A. Narayana Ayyar, B.A., Third Assistant, who has done the bulk of the 
measurement of the plates, and to Mr. G. Nagaraja Ayyar, Second Assistant ; also to Mr. S. Sitarama Ayyar, B.A., 
First Assistant, who was able to make some measures before he went to Kashmir. 

I would also express my indebtedness to Mr. J. Evershed, F.E.S., the Director, for his interest and 

valuable criticisms. 

SUMMAEY. 

1. The majority of nickel lines show abnormal displacements in the spectrum of the centre of the 
:Sun’s disc owing to their unsymmetrical character in the arc as evidenced by the displacement at the 
negative pole of the arc. The deviation of the solar displacements from normal is in the opposite direction 
to the displacement at the negative pole, showing that the condition (vapour density, probably) at the 
centre ol the arc is intermediate between that in the sun and that at the negative pole of the arc. Conclusions 
can consequently only be drawn, at present, from those lines which have zero or slight displacement at the 
negative pole. Since even these lines, or at any rate most of them, become obviously unsymmetrically 
widened in the arc under pressure there is possibly still some abnormality in their solar displacement, and this 
fact may account for the slight discrepancies when compared with the symmetrical iron lines. Consequently , 
it can only be said that the conclusions from the displacements of the nickel lines (and of the titanium lines, 
for similar considerations apply to titanium also) are not inconsistent with those drawn for the iron lines. 

2. Taking only those nickel lines with zero or slight displacement at the negative pole of the electric arc, 
the mean centre-minus-are displacement is practically identical with that of the symmetrical iron lines origi- 
nating at the same level in the sun, but shows no variation with intensity (i.e., with depth in the reversing 
layer) as would have been expected from the results for iron. On the whole, however, the nickel lines originate 
at lower levels than the iron lines which have been studied and with the latter there is evidence that the variation 
with intensity is less at the lower levels. 

< 3. Again taking nickel lines with zero or slight displacement at the negative pole, the solar pressure, 

■estimated from the relative shift of the lines more and less affected by pressure, is about three-quarters of an 
atmosphere, in agreement with that deduced from the symmetrical iron lines. 

4. The relation between the negative pole displacement of the nickel lines and the centre-minus-arc 
•displacement has been roughly formulated and is shown in fig. 1. 

5. The limb-minus-centre and the limb-minus-arc displacements also vary but slightly with intensity. 
The absolute values are smaller than those of the iron lines. 

6. The displacements of the titanium lines are similar to those of the nickel lines. The displacement at 
the negative pole of the arc is again a disturbing factor. 

7. The conclusions drawn from the investigation of the iron lines, namely, that the displacements at 
the centre of the sun’s disc and at the sun’s limb are Doppler effects due to descending motion in the line of 
sight and that the solar pressure is of the order of three-quarters of an atmosphere, are not modified by the 
investigation of the nickel and titanium lines. 


The Observatory, Kodaikanal, 
2nd December, 1916. 


T. ROYDS, 
Assistant Director. 
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Table lines. 






1 







Number of 


M 



Unaraoter. 

Shift at 




Pressure 


. plates. 

1 

a 

K 

Inteii- 

Atmo- 

spheric 

arc. 

Under 

pres- 

sure. 

negative 

Centre 

Limb 

Limb 

shift per 

Remarks. 

Centre 
— arc. 

Limb 
- centre 


1 


sity. 

pole. 

— arc. 

— centre. 

— arc. 

atmo- 

sphere. 


C3 

•g 

14) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 






A/1000 

A/IGOO 

A/1000 

A/1000 

A/10000 





1 

3561-898 

3 



+ 2 

+ 1 



7 


3 


1 

2 

66-522 

10 

(ur), R 
(ur), R 


- 1 

+ 3 



21 


3 


2 

3 

72-014 

6 

ur (B) 

+ 1 

+ 3 



19 


3 


3 

4 

88-084 

6 

ur (B) 

-t- 1 

+ 5 



11 


3 


4 

5 

97-854 

8 

(ur), R 

ur 

0 

+ 3 

• • • 


21 


3 

... 

5 

6 

3602-559 

4 

ur 

0 

0 



18 


3 


6 

7 

09-467 

5d? 



1 

+ 3 



10 


3 


7 

8 

10-647 

5 

(ur), R 

ur (B) 

- 1 

+ 5 

* 4 . 


22 


3 


8 

9 

12-882 

6d? 

ur 

1 

+ 1 



14 


3 


9 

10 

19-539 

8 

(ur), R 

ur 

- 2 

+ 4 



26 


3 


10 

11 

24-873 

4 

ur 

+ 1 

+ 3 



8 


3 


11 

12 

30-045 

1 

n 

uv 

-43 

+ 9 



• •• 


3 

,,, 

12 

13 

41-784 

1 



+ 3 

-I* 2 



• » • 


4 


13 

14 

62-096 

3 


ur 

0 

+ 6 

+ 4 

+ io 

11 


3 

3 

14 

15 

64-234 

5d? 

... 

ur 

-1- 3 

+ 4 

+ 7 ? 

+ 11 ? 

17 


3 

3 

15 

16 

69-381 

4 


ur 

- 1 

+ 7 

+ 6 ? 

+ 13 ? 

13 


3 

2 

16 

17 

70-566 

5 

... 

ur 

+ 5 

+ 5 

+ 6 

+ 11 

21 


3 

3 

17 

18 

74-287 

4 


ur 

+ 3 

+ 1 ? 



17 


3 


18 

19 

3724-970 

1 

n 

uv 

~17 

+ 3 

+ 1 

+ 4 

I 


2 

3 

19 

20 

36-958 

3 


ur (B) 

+ 2 

+ 3 



16 


3 


20 

21 

39-370 

3 

... 

0 

+ 2 

+ 6 

+ 8 

12 


3 

3 

21 

22 

62-758 

.,.1 

n 

• «« 

largo + 

-21 

Hh 2 

-19 

t » f 


3 

3 

22 

23 

72-673 

2 


• * . 

1 

+ 19 

- 1 

+ 18 

11 


3 

3 

23 

24 

75-717 

7 

■ • 

ur (B) 

- 1 

+ 4 

+ 4 

+ 8 

15 


2 

3 

24 

25 

78-203 

2 

• » 

0 

+ 1 

+ 2 

+ 3 

9 


3 

2 

25 

26 

83-674 

6 



0 

+ 1 

+ 6 

+ 7 

13 


3 

3 

26 

27 

92-482 

1 

1 1 « 


+ 2 

+ 3 

+ 5 

+ 8 

10 


3 

3 

27 

28 

93-745 

4 


ur 

0 

- 7 

+ 11 

+ 4 

19 


3 

3 

28 

29 

3807-293 

6 

(ur), R 

ur (B) 

0 

+ 1 

+ 3 

+ 4 

15 


3 

3 

29 

30 

31-837 

6 

ur 

+ 2 

+ 3 

•f* 4 

+ 7 

47 


3 

3 

30 

31 

44-378 

0 4d? 

. . • 


largo + 

-30 

+ 2 

-28 

22 


3 

3 

31 

32 

58-442 

7 

(ur), R 

ur 

- 2 

+ 4 

+ 3 

+ 7 

21 


5 

3 


33 

63-201 

...1 

n, (ur) 

ur 

+ 8 

- 1 

+ 4 

+ 3 

I 


6 



34 

89-810 

2 

11 , (ur) 

ur 

+ 6 

- 1 

+ 4 

+ 3 

25 

pM. 

3 



35 

3909-064 

...1 

nn. 



-16 

+ 7 

- 9 

I 

2 

3 


36 

12-445 

m ‘?2 

nu 



-29 

+ 3 

-26 

I 


2 

3 

36 

37 

13-123 

2 

• ■ • 


- 2 

- 1 

+ 6 

+ 5 

I 


2 

3 

37 

38 

70-631 

1 

nu 


+ 24 

- 8 

+ 6 

- 2 

I 


4 

3 

38 

39 

72-313 

2 


• .« 

0 

+ 7 

-f 4 

+ 11 

8 


4 

3 

39 

40 

73-702 

Ni,Zr3 


ur 

0 

+ 4 

+ 5 

+ 9 

19 


5 

3 

40 

41 

74-774 

2 

nn 


+ 14 

-28 

+ 3 

-25 

I 


4 

3 

41 

42 

4006-304 

1 

n, (ur) 
(uv) 


+ 13 

+ 15 

+ 5 

+ 20 

... 


4 

3 

42 

43 

17-724 

Ni ? 1 


large _ ? 

+ 35 

+ 1 ? 

+ 36 ? 

... 


4 

1 

43 

44 

64-515 

1 

nn, (ur) 

ur 

+ 14 ? 

-15 

+ 2 

-13 

II 


3 

1 

44 

45 

86-283 

...0 

nn 


-27 

+ 15 

- 1 

+ 14 



3 

1 

45 

46 

4116-138 

...0 

n 

*•* 

+ 6 

- 7 

+ 1 ? 

- 6 ? 

15 


3 

2 

46 

47 

42-465 

...2 

n, (ur) 

ur 

+ .36 

-19 

+ 1 

-18 

11 ? 


3 


47 

48 

64-804 

..0 


.*• 

0 

- 2 

0 ? 

- 2 ■? 

I 


3 


48 

49 

84-641 

...0 


ur 

+ 11 

0 

+ 2 

+ 2 

II 


3 

3 

49 

60 

95-684 

...1 

ur 

ur 

+ 10 

-19 

+ 4 ? 

-15 ? 

78 


3 

3 

50 

61 

4200-611 

1 

n, (ur) 

ur 

+ 9 

- 1 

- 2 

- 3 

82 


3 

3 

51 

52 

31-183 

4N 

n, ur 
(“•) 

ur 

+ .36 

-21 

+ 4 

-17 

II 


3 

3 

52 

53 

84-838 

1 

ur 

+ 13 

+ 4 

0 

4 4 

95 


3 

3 

63 

54 

88-149 

1 

(n), (ur) 

ur 

+ 24 

- 9 

4* 4 

- 5 

109 


3 

3 

54 

55 

96-044 

1 

n, ur 

nr 

+ 27 

- 4 

+ 6 

+ 2 

150 


3 

3 

55 

56 

4325-777 

1 

(P) 


+ 13 

+ 6 

- 2 ? 

+ 4 r 


3 

3 

56 

57 

31-811 

2 


0 

+ 5 

+ 2 

’+ 7 

30 ? 


3 

3 

57 

68 

56*163 

0 

n, ur 

ur 

+ 44 

-15 

+ 1 5 

-14 5 

II 

Appears 

2 

2 

58 








also under 
pressure 
group I. 












69 

68-462 

0 

(n), ur 

ur 

+ 15 

- 6 

+ 5 

- 1 

II 


1 

1 

59 

60 

84-698 

0 

(n) 

ur 

+ 15 

- 4 

- 1 

- 6 

II 


3 

2 

60 

61 

99-776 

0 

(n), ur 


+ 10 

— 6 

+ 5 

- 1 



1 

3 

61 

62 

4401-020 

0 

n 

ur 

+ 28 

-15 

0 

-15 



3 

3 

62 

63 

01*709 

2 

... 

... 

+ 19 

+ 4 

+ 4 

+ 8 

120 


2 

3 

63 
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Table IX. — Nickel lines — cont. 



64 4410'683 2 

65 37-729 

66 59-199 2 

67 62-621 1 

68 66-548 0 

69 70-648 Ni-Zr2 

70 73-095 M?0 

71 90-701 0 

72 4513-164 0 


73 20-157 

74 47-101 

75 47-401 

76 51-399 

77 53-346 

78 92-707 

79 4600-541 

80 05-171 


83 67-941 

84 86-395 

85 4701-714 

86 03-994 

87 15-946 

88 31-984 


92 54-949 

93 56-705 

94 62-820 

95 86-472 

96 86-727 

97 4807-179 

98 29-214 

99 31-365 

100 55-600 

101 66-465 

102 73-630 

103 4904-597 

104 18-543 

105 25-746 ' 

106 36-015 

107 37-524 

108 45-622 

109 53-392 

110 71-531 

111 80-352 

112 84-297 

113 98-408 

114 5000-526 

115 12-625 

116 17-762 

117 18-463 

118 35-542 

119 38-774 

120 42-367 

121 49-035 

122 80-714 

123 81-286 

124 84-279 

125 99-497 

126- 6100-108 


Character. 

Shift at 

Atmo- Under ^^egative 
spheric pres- pole, 

arc. sure. 

(4) (5) (6) 


Centre 


Limb 
- centre. 


A/1000 A/1000 


-13 
-1-37 
-t- 24 
-1-24 
large + 
+ 26 
small 
large - 


n, uv uv 

n 

n, uv " 


+ 14 
+ 18 
+ 14 
+ 18 
+ 2 
+ 13 
+ 16 
-10 
+ 13 
+ 13 
+ 10 
I large - 
large + ? 

' +14 

-16 
-14 

- 4 
+ 10 
-19 
+ 14 
+ 14 

-17 

large - ? 
large — 
large — 
-19 

- 7 
large - 

+ 15 
+ 24 


Pres- 

sure 

shift per Eemarks. 
atmo- 
sphere. 



A/1000 A/10000 


Number of 
plates. 

Centre Limb 
■ — arc. — centre. 


broad in 

o 

Appears 
also under 
pressure 
group I. 


(13) (14) 


3 64 

3 65 

2 66 


3 69 

3 70 

3 71 


3 74 

3 75 

3 76 

3 77 

3 78 

3 79 

3 80 
2 81 
2 82 

1 83 

2 84 

2 85 

2 86 
2 87 

2 88 
2 89 

2 90 

3 91 


3 94 

3 95 

3 96 


1 99 

1 lOO 

1 lOl 

2 102 

1 l03 

1 104 

1 105 

1 106 
1 107 

1 108 

1 109 

1 110 
4 111 
4 112 
3 113 

3 114 

3 115 

3 116 
3 117 

3 118 

3 119 

3 120 
3 121 

2 122 

2 123 

2 124 

O 
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Table IX. — Nickel lines — cont. 


<B 

'I 

g 

cc 

(1) 

\ 

(2) 

Inten- 

sity. 

(3) 

Character. 

Shift at 
negative 
pole. 

(6) 

Centre 
— arc. 

(7) 

Limb 
-> centre. 

(8) 

Limb 
—• arc. 

(9) 

Pres- 
sure ! 
shift per 
atmo- 
sphere. 

(10) 

Remarks. 

(11) 

Number of 
plates. 

^Serial number. 



Atmo- 

spheric 

arc. 

(4) 

Under 

pres- 

sure. 

(5) 

Centre 
— arc. 

(12) 

Limb 
— centre. 

(13) 






A/1000 

A/1000 

A/1000 

A/1000 

A/10000 





127 

5115-566 

2 

(ur) 


•hl7 

+ 2 

+ 5 

+ 7 



1 

2 

127 

128 

29‘546 

2 




- 4 

+ 4 

0 



2 

2 

128 

129 

37'250 

3 



- 1 

+ 1 

+ 4 

+ 5 



3 

2 

129 

130 

42-958 

2 



largo — ? 

+ 10 

+ 4 

+ 14 



2 

2 

130 

131 

46'659 

Ni-3 

n 

... 

largo — 

+ 13 

+ 5 

+ 18 



3 

2 

131 

132 

55-935 

2 



largo — 

+ 13 

+ 5 

+ 18 



1 

2 

132 

133 

68-832 

1 



... 

- 6 

+ 4 

- 2 

... 


2 

3 

133 


f Intemlty, _ The intensities are taken from Howland’s Table of solar wavelengths and unless otherwise noted in 
j 1 identified by him as due to nickel only. The dots before the intensity indicate that the line was 

not identified by Rowland. 

Column 4—'Gharacfsr m the arc at (xtmosjiheria presmre . — The character in this column was derived from the appearance of 
the spectrum hues, more particularly at the negative pole. The letters have the following interpretation 
ur denotes unsyminetrically widened towards the red. 
uv denotes unaymmetrically widened towards the violet. 

11 denotes hazy or dilfuse. 
nn denotes very hazy or dilfuse. 

E denotes that the line is reversed at the negative polo. 

If the letters are enclosed in brackets the character is only slightly evident. 

Oolurn7i 5— Character in the arc ■imder prennuro.—TliGaG are taken mostly from Duffiold ; the few from Bilham are marked(BL 
Ookimn 6— The displacements at the negative pole are derived mostly from three plates. 

T. 10-~Presmre stiifi per atmosphere .— shifts are taken from Duffieldh paper. It should be remarked that 

Duifield has included lines displaced to the violet in the same class as those displaced to the red. 
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Table X . — Titanium lines. 


3 Serial nuiiibi 

K 

(2) , 

Inten- 

sity. 

(3) 

Shift at 
negative 
pole. 

(4) 

Centre— 

arc. 

(5) 

1 

3904-926 

3 

A/1000 

■ A/1000 

+ 1 

2 

24-673 

4 


+ 2 

3 

47-918 

2 


+ 8 

4 

48-818 

4 


+ 3 

5 

62-995 

3 . 


+ 6 

6 

64-416 

2 . 


+ 5 

7 

81-917 

4 


+ 8 

8 

89-912 

4 


0 

9 

98-790 

4 


+ 1 

10 

4024-726 

3 


- 1 

11 

60-415 

1 


_ 4 

12 

64-362 

1 


- 1 

13 

78-631 

3 


- 1 

14 

4112-869 

1 


+ 3 

15 

86-280 

1 


+ 1 

16 

4274-746 

2 


0 

17 

81-530 

0 


+ 1 

18 

87-566 

1 


0 

19 

89-237 

2 


+ 8 

20 

98-828 

2 


0 

21 

99-803 

2 


+ 4 

22 

4314-964 
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1 

10 

1 
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2 
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1 
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2 
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2 
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2 
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4 
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18. 

4 
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3 

21 

2 
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3 

3 
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3 
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3 

3 

30'. 

2 

3 

31 

3 

3 

32' 

3 

3 

33. 

3 
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7 

3 

39 

7 
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4 

2 

41 

4 
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4 

3 
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4 

3 

44 

4 
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4 
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4 
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4 

3 
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3 
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4 
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2 
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2 
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2 
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2 

2 

67 

2 
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2 
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2 
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2 

2 
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2 

2 
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Table X . — Titanium lines — cont. 
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BULLETIN No. LIV. 


THE CAUSE OE THE SO-CALLED POLE EPPECT IH 
THE ELECTEIC AEC. 

By T. Rotds, D.So. 


Differences of vapour density were first suggested in Kodaikanal Observatory Bulletin No. XXXYIII as 
tlie cause of the displacements of certain lines in different parts and conditions of the electric arc and of the 
abnormal sun-minus-arc displacements of the same lines. Since, however, direct experimental proof is wanting, 
and has been said to give negative results, it seems desirable to discuss the evidence and experiments at the 
point at which work here on the subject has to be given up. 

The cause of the displacements in the electric arc has also been treated of by St. John and Babcock^, Gale 
and Whitney and Whitney none of whom discuss the evidence and conclusions in Kodaikanal Observatory 
Bulletins Nos. XXXYIII and XL t 

In the two latter papers on experiments with a calcium arc, the pole displacement is ascribed to the 
greater amplitude of vibration of the electrons, and said to depend on the intensity gradient along the arc. 
The latter phrase is unfortunate as, so far as I understand them, the authors do not mean the rate of change of 
intensity, but intensity differences. 

It must be obvious to every experimenter that the intensity of lines is great in those regions of the arc 
where displacement occurs, but as it is equally true of lines which do not undergo displacement and of those 
which are displaced to the red and to the violet one fails to see how the displacement can be said to depend 
on the intensity differences. One might with equal, or more, truth say that the displacement depends on the 
width of the spectrum lines, or on their diffuseness, but for reasons which have been already elaborated I 
believe that the displacement depends on the unsymmetrical character of the spectrum lines. I have not 
met with a single case where lines whose character was known were not displaced either not at all, to the red, 
or bo the violet according as they were symmetrical, unsymmetrically widened towards the red, or unsymmetri- 
cally widened towards the violet, except under those conditions, e.g., in reversals, ivhere the vapour density 
has "been kept low. Of course these phenomena, unsymmetincal character, intensity, etc., are not the cause 
of the displacement but are attendant effects due probably to the same cause. ’ 

Increased amplitude of vibration of the electrons is suggested by Gale and Whitney® as the cause of the 
displacement in the electric arc, but it is easy to see that this cannot be. The most effective, and probably the 
only certain, way of increasing the amplitude of vibration of the electrons in the atom is to raise the 
temperature, but the displacements in the arc are not a temperature effect, for many reasons among which the 
three following seem sufficient ; — 

(1) Little is known of the variation of temperature along the arc, but it is certain that the positive pole is 
much hotter than the negative, whereas under normal conditions the displacement is greatest near the latter; 
The enhanced lines, which are high temperature lines, appear stronger at the positive pole than at the 
negative ^ , also indicating that the temperature is higher there than at the negative pole. 

^ 8t. John and Babcock, Astrophysical Journal, 42, 231, 1915. “ Gale and Whitney, Astrophy steal Journal, 4.3, 101, 1916. 

^ Whitney, Astrophysical Journal, 44, 65, 1916. * Both these Bulletins appeared in 1914. 

® Boyds, Kodaikanal Observatory Bulletins Nos. XXXYIII and XL. 

® Log. cit. JFowler, M. N. Boy. Astr. Soo., 67, 154, 1907. 
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(2) The experiments described in Kodaikanal Observatory Bulletin No. XL and here show that the 
displacement at the negative pole can be varied to any desired extent without reason for believing the arc 
temperature to be altered in any appreciable degree. 

(3) In the sun’s reversing layer, where the temperature exceeds that attainable in the arc, the 
displacement of lines unsymmetrical in the arc is in the direction opposite to that of the displacement at the 
poles of the arc. 

Though the evidence given in Kodaikanal Observatory Bulletins Nos. XXXYIII and XL is strongly in 
favour of density as the cause of the displacements there are many difficulties in the way of direct experi- 
mental proof due, primarily, to the difficulty of controlling the vapour density in a source of light. 
Experiments with different quantities of material such as those giving Gale and Whitney’s Tables III and V 
fail, or at any rate are inconclusive, because there is no reason to believe that the atoms have been separated 
to a greater distance apart with the smaller amount of material. If the atoms are vaporized in clusters they 
may not be removed from each other’s influence any more than when a larger amount has been used. 
Exposure times are not a sufficient test of vapour density but only an indication of the total amount of 
material consumed. 

On account of this difficulty it was thought better to use alloys as electrodes. Presumably the molecules 
in an alloy are so intimately mixed with another metal that each would be surrounded by molecules of 
another Mud and removed from the influence of those of the same kind. Even so, the experiments .gave 
negative results. The best alloys available were the coins of the Indian coinage, the silver coins containing 
10 per cent of copper and the nickel coins containing 20 per cent. As the silver coins, and the money they 
represent, melt away rapidly and do not give a steady arc, most of the experiments were conducted with 
nickel coins (value one anna). With a nickel coin as one electrode, and the other either another coin, iron 
or carbon the wavelengths and displacements of the three copper lines ax 4480, 4509 and 4531 were compared 
with those in the arc between copper electrodes with the same length of arc and current strength. The 
maximum displacement of the first and last lines was about + 0’05A, and of the second line about + 0'025A. 
The wavelength at the centre of the alloy arc was identical with that at the centre of the pure copper arc, but 
it was found that the wavelength of the copper lines at the negative pole could be varied at will by varying the 
material of the negative electrode. With carbon as the negative electrode and the nickel coin or copper as the 
positive the displacement of the copper lines at the negative electrode could be made very small, especially with 
those conditions when the green luminosity surrounding the positive electrode did not reach up to the negative 
which showed the characteristic blue of the carbon arc. When the nickel coin was negative, and the positive 
pole either a coin, iron or carbon there is, on the other hand, not the slightest difficulty in obtaining displace- 
ments at the negative pole quite as large as those at the negative pole of the arc between two copper electrodes. 

The results with the alloy were therefore, in the main, disappointing, especially the fact that the 
wavelength at the centre of the alloy arc was identical with that at the centre of the pure metal arc. There 
is however one case, the sodium pair, \x 5682, 5688, where it is possible to obtain a displacement in the same 
direction as that in the sun and opposite to that usual at the negative pole. The data are given in Kodaikanal 
Observatory Bulletin No. XL. The solar displacement of these lines, comparing the centre of the sun’s disc 
with the centre of a very long arc is — 0’14A (i.e., to the violet), the displacement of the unreversed line at the 
negative pole is+ 0'36A, whilst the displacement of the reversal which occurs at the negative pole is — 0'019A. 
The sodium pair is very sensitive to displacement and is only a case more extreme than many others found in 
the Bulletin referred to for which the displacement at the negative pole is much smaller if the lines undergo 
reversal there than if the line remains unreversed. A new example of this has turned up in the calcium first 
subordinate triplet near \ 4450. If the lines are reversed at the negative pole the displacement is quite small 
or zero ^ and the lines appear almost, if not quite, symmetrical If however the lines are obtained unreversed 
at the negative pole the displacement amounts to about — 0‘012A and the unsymmetrical widening towards 
the violet is evident. 


^ Royds, Kodaikanal Observatory Bulletin No. XL. 

2 Royds, Astrophysical Journal XLI, 164, 1915, and Kodaikanal Observatory Bulletin No. XLIII. 
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I have not met with cases such as that recorded by Whitney where th d‘ 1 
identical with that of the unreversed lines (it is not so for these ^ aceuient of the reversal was 

nothing impossible in it on the density hypothesis. pliotographs) but there is 

The only way in which the results with the alloy and pure iriPf i 
hypothesis is to suppose that the density differences effective in produ Reconciled with the density 

higher order than those obtained using the alloy containing 20 ner isplacements are of a much, 

that the atoms only influence each other soon after they are torn nfF f would seem 

i. co^npact clpstea which are .oon dissipated so thlt irnTe; rerth' 

removed out of each other’s influence. In the sun the densit ' ^ atoms are 

separation and displacement takes place. If the density effect fs ^ further 

atoms, it is conceivable that the fields of atoms of a differenU^d ^ 
the considerable displacement at the poles o£ the alloy arc compared with the pm rnewir^ 

The considerations of the last panigraph would also e^cplain the negatiye results of sf ioh a n n , 
hut it cannot be conceded without further information that increasing the quantity of metsi Babcock 

the vaponr density in the furnace in the same ratio. One would have thouebt +b f ti increases 

material yaporiaed the greater would he the rate of its remoyal by condensation on the coX p^ut'oTShf 
The really mterestag result of Gale and Whitney’s and of Whitney’s experiments is that Cw 
app^ently succeeded m obtarnmg arc conditions which bring the normal displacement at the negat tepl 
of he arc down to aero, and even, tor the more sensitiye Unes, in the direction opposite to the nsu^ Zil 
in the same direction as the sun-minus-arc displacement. ’ ’ 

I agree with Duffleld’s remarks on the inlluenoe of density and temperature gradients in linUt . 

the displacement of spectrmn lines > hut would like to make clear that the gradients cannot haye anyTflulce 
unless density and temperature are thomselvos causes of displacement. ^ munence 

Although direct experimental proof has not been obtained, I cannot find any hynotbesi. ntu tu .. 

to explain the displacement of certain spectrum linos in different parts and ccILms ^ 0 ^“ Ttb 
abnormal sun-minus-aro displacement of the same lines which haye been discLed in Kol-f nT 

.n d,.pl,dn. li.0. ,™ a™ U,,,, hltlato atampWi, prtnte 

ments. It is hoped to construct a sonroo of light where the yapour density can be yaried oyer a la™, 
when It is possible to resume those oxpei.imonts. ' ® 


Kodaikanal Obsirvatory, 
2nd December 1916, 


T. E0YD8, 
Assistant Director. 


^ Duffiold, Phil. Mag. 30, 385, 1915. 
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BULLETIN No. LV. 


THE SOLAE PEOMINENCE OF 1916, MAY 26. 

By J. EVERSHED, f.b.s. 


A good series of photographs of this remarkable eruptive prominence was secured . by Dr. Royds at 
Kodaikanal with the Cambridge spectroheliograph, and at Srinagar Kashmir anobher series was obtained by 
the author, using the new spectroheliograph installed there in the autumn of 1915. The definition at 
Kodaikanal was very good at the time of the display, but there were some interruptions from cloud. At 
Srinagar the conditions were practically perfect throughout the day which was cloudless. 

The two series of plates supplement one another, and the development of the prominence can be studied 
with the quite exceptional advantage of an uninterrupted series of well defined images obtained at short 
intervals of time. In plate IV, I give a selection of photographs from both observatories illustrating the different 
stages in the development of the prominence. 

In studying spectroheliograph images of a rapidly changing prominence it is necessary to consider the time 
taken in building up the image by the successive slit sections. Owing to the comparative faintness of the light 
the slits of the spectroheliograph are made to move slowly across the image (or the image across the slits) and 
the time when the base of a large prominence is impressed on the plate may differ by a minute or more from 
the time when the highest parts are photographed. Thus the complete image does not represent the promin- 
ence at any one moment of time. In plate IV the times given under each image are the times when the slits 
reached the base of the prominence. 

In estimating movements the exact time the slit reached any particular point of reference in the 
prominence has to be carefully computed, the speed of the slits, or of the image> being ascertained by 
noting the time taken in traversing the solar diameter. In the Kodaikanal spectroheliograph this speed was 
about 6' per minute, and the Kashmir spectroheliograph it was 9' per minute ; but the two instruments are 
of different design and the movement is in opposite directions : thus at Kodaikanal the prominence was 
photographed successively from base to summit, and at Srinagar from summit to base. 

In table I, page 21.5, I give a list of all the photographs taken, with the approximate times the centre of 
the image was photographed. Of the seventeen exposures only Nos. 3 and 4 were made practically simultane- 
ously at Kodaikanal and at Srinagar ; these images are apparently identical in all details, but comparisons 
with a “ Blink ” apparatus would probably reveal slight differences in the higher and also the lower parts 
of the prominence where the exposure times would differ slightly. 

The exposure times of the Srinagar series were determined by a mean time chronometer by Erodsham the 
error and rate of which was periodically ascertained by solar altitude observations with a sextant. These times 
are probably correct within one second. The Kodaikanal times are determined from the standard clock of the 
Observatory the error of which is daily observed by time signal from the Madras Observatory. 

General desc7'iption of the photographs . — Photograph No. 1 of the combined series is a large scale image 
of the disc obtained with the 40-foot focus objective at Srinagar. This was accidentally over-exposed for the 
flocculi but shows the prominences rather well. A prominence the denser part of which is 90" in height is 
shown at latitude + 48° on the east limb and there are also shown bright detached streaks issuing from the 
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■cliromospliere at + 63° which extend to over 4! above the limb, they probably extend much further than this 
but the plate is under-exposed for the prominences. 

In the second photograph exposed at 8^ 6“^ (see plate IV) the denser part of the prominence at -1- 48° is 
found to be 136" in height, and at + 63° there is seen a complicated system of bright streaks connected with 
the prominence at + 48° and extending over it to a vast height, the highest filaments being over 12' above the 
limb. 

In Nos. 3 and 4 exposed after an interval of 16 minutes, faint streaks and patches are still found at a 
height of 12'' above the limb over latitude + 33° but the lower part of this prominence has contracted and 
brightened (plate IV at 8’‘ 21™ 47®). The prominence at + 48° now shows signs of rapid development and from 
this time on the rate of ascent of the upper limit of the prominence increases as is shown in table II. 

At 8'^ 36“ the prominence has reached a stage of great brilliance and complexity of structure and would 
■doubtless have presented a magnificent spectacle viewed in the spectroscope in Hct light. Faint whisps 
can still be traced up to a height of 11' over the top of the ascending mass. 

In the photographs taken at 8^' 50™, 8^' 55“, and 8’' 57“ the main stem of the great eruption turns over 
at the highest point towards the north, bending round as if to fall back on the sun. There are also three or 
four branching steamers from the upper part of the column also turning over like the streams of a fountain. 
Hanging suspended over the more northern prominence, now moved to + 68°, there is a very bright elongated 
•condensation resembling a falling rocket, and there are other bright condensations higher up in the prominence. 

At 3“ a rapid dissolution of the entire prominence had set in, the main column is shown by the 
photographs to be breaking up and the “ falling rocket ” appears very much fainter and has risen slightly. 

At 9'‘ 9“ the main column consists of separate filaments elongated in the direction of the column in the 
lower part but condensed into roundish spots in the higher region. The Idrger of these points of light although 
very small in relation to the prominence as a whole would be roughly 10" or 7,000 km in diameter. In this 
plate (one of the Kodaikanal series) the field of view is limited by a circle 15' above the sun’s limb and the top 
of the prominence is cut off at this height. (The white streaks shown in the photograph are due to a passing 
cloud diffusing sunlight on to the slit.) 

At 9^' 19“ the entire column has vanished. The spectroheliograph records blank space where ten minutes 
earlier brightly glowing masses of gas were photographed. There is however a little group of bright points at 
a height extending from 13 to 17 above the limb and these are probably the same as the group photographed 
in the last plate. In photograph No. 13 exposed at nearly the same time at Kodaikanal the bright points are 
not seen, being outside the field of the photograph, but a faint remnant can be traced of the “ rocket.” The 
ow bright prominence extending from latitude 35° to 48° and the small prominences to the south of it, are 
just as clearly shown in this photograph as in all the others, proving that no change of adjustment of the K 
line on the camera slit had occurred. 

At 9^’ 22“ photograph No. 14 still shows the group of bright points, but they are much fainter, and have 
ascended to the enormous height of 16' to IS'S' above the limb. This highest point in the group is equal to 
half a million of miles above the sun, a height which greatly exceeds all our previous records. 

In the Kodaikanal photograph No. 15 exposed at 9'* 27“ very faint remnants of the rocket are still visible 
.although I cannot trace these on the Srinagar plates taken earlier. 

In the last two photographs Nos. 16 and 17 obtained at Srinagar it is no longer possible to distinguish 
faint remnants of the prominence from slight defects in the film. The photographic field extends in the last 
plate to a distance of over 30' or about solar diameter from the limb, and at the position which the bright 
ascending masses might be expected to occupy there are very faint markings on the film, but I hesitate to 
regard these as parts of the prominence. This last plate shows the low bright prominence extending from 
latitude +35° to latitude +48° practically unaltered, the immense eruption taking place immediately over its 
northern end has apparently had no effect whatever on it. This prominence was of a long enduring type and 
had been visible for several days on the limb, attaining its greatest apparent development on May 24 and 25 
when it was 120" in height. Its last appearence was on May 27. 

It is very remarkable that the whole of the eruptive prominence faded away practically simultaneously, not 
■only the main column at latitude + 48° but also the prominence about 20° to the north. This had steadily moved 
northward along the sun’s limb between 8’‘ 6“ and S’’ 57“ changing its position by 6° from + 63° to +69°. 


211 


^ The eruption occurred outside the sunspot zones, and in the disc photographs no trace can be seen of any 
bright flocculus in the region. There is however a dark flocculus unusually well shown on the calcium plates 
and clearly shown on the Ha plate, which probably was connected with the eruption. On May 25 the 
flocculus extends from latitude +34° and longitude 19° east of the central meridian in an irregular line- 
naeetmg'^the limb at latitude +58°. On the 26th the western end had advanced towards the' central meridian 
and at 9“ and 8*‘ 12"' the eastern end, in the form of a narrow line, meets the limb almost at the base of the- 
ig eruption at about latitude 50°. Twenty minutes later the Ea photograph was obtained and on this the 
portion of the flocculus near the limb has entirely vanished. 

Movements in the pronunence and veloeAty of ascent . — A general ascending movement from a height of 
130 at 8 ‘ O’" to over 15' at 9*' 9'" is obvious (see plate IV). Measures of the upper limits of the ascending mass, 
on the successive plates reveal what is not so obvious that the ascending motion accelerates, the velocity 

increasing from 79 km/sec to 292 km/sec, as is seen in table II. These measures were made in a direction 
radial to the sun. 

Measures of definite points in the prominence which can be identified on two or more plates have also, 
been made, and in nearly all cases where more than one determination was possible an acceleration is- 
shown. Table III gives the results of these measures. An acceleration of velocity of ascent has been 
measured in several eruptions previously recorded, notably in the very large prominence of 1907, February 
18. 

The straightness of the main column seems to imply rapid motion in the direction of the column and 
this IS confirmed by measures of points in and near the column. It was therefore thought best to measure 
the positions of points at a distance from the column in two co-ordinates, one in the direction of the column 
and the other at right angles to this. A considerable number of separate determinations of apparent velocity 
have thus been obtained. The resultant directions of movement and velocities are the projections of the real 
directions and velocities in a plane normal to the line of vision. There may be and probably are components 
in the line of sight, but these will be comparatively small, not exceeding about 30 km/sec as will be explained 
later. These measures are of course only possible in the case of definitely marked spots, not in the case of 
long drawn out filaments. The results are very interesting ; contrary to what might have been anticipated 
from the close resemblance to a fountain, it appears that all points which can be identified on successive plates 
are moving radially outward from a point in the chromosphere at the base of the main column. 

Taking the^ mean velocities or those which would result from the first and the last observations of a 
marking, omitting the intermediate positions, I have reiu’esented the movements in the diagram following 
plate IV. The arrows here show the direction of movement and the relative velocity indicated by the length 
of the shaft, the actual mean velocities in km/sec are given in figures at the points of the arrows. The general 
form and details of the prominence are carefully drawn from the photograph exposed at 8'' 57"\ a piunt of 
the prominence being laid on the drawing paper and the salient points pricked through with a fine pin 
Th.e detached fragments above the top of the “ fountain ” were photographed at 9'* 22™ after the dissolution 
of the main stem had taken place, and the movement of the lower limit of these fragments was measured 
in a direction radial to the sun only, the motion at right angles being indeterminate owing to the indefinite 
boundaries in that direction ; the arrow here, therefore, does not truly represent the direction of move- 
ment. It is probable that the movement of these fragments was also directed from the same point in the 
cln omosphere as in the other cases. It was the upper faint extensions of these flying frag'ments that attained 
the unprecedented height of over 18' above the limb. 

The highest velocity recorded is not in the highest part of the prominence, but about halfway up the main 
column where a little bright projecting point could be recognized on photographs Nos. 8 and 9. From the move- 
ment in the direction of the column the velocity was found to be 457 km/sec. In the measures a high degree of 
accuracy is not possible owing to the constant change of form in the details measured, moreover the kaleido- 
scopic nature of these changes render the identification doubtful in some cases. Possibly they may be relied 
on to give the order of velocity within 10 or 15 per cent. The true velocities may be slightly greater than the 
observed since the components in the line of sight are neglected. That these will be relatively small results. 


Astrophysical Journal, XXYIII, 79. 
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from tliG pocnliar limitations of tlio spsctroliGliograpli imagG wliicli only rGprGSGnts tliat part of tliG promiiiGncG 
■whicli has a small or zgio motion in tliG lino of sight. With slits of insensible 'width and perfect adjustment 
of the spectium line on the camera slit the image would represent zero motion only, since any increase or 
decrease of wave-length due to motion would throw the spectrum line off the slit, and the light would not reach 
the plate at all. But in practice slits of quite considerable width are used in prominence work, and an appreci- 
able range of wave-lengths will therefore reach the plate. In the Kashmir spectroheliograph the camera slit 
was 0 10 mm in width and the dispersion between H and K being 5 angstroms per millimetre the jDossible 
range of wave-length admitted to the plate with a narrow collimator slit will be 0"5A. But the collimator slit 
was even widei than the camera slit, a width of 0 15 mm being found by experience to give the best results, 
with this width a displacement of 0 6 angstrom to red or violet will not throw the light entirely off the camera 
slit although the intensity will be greatly reduced. W^ith the intensity reduced four times only a very feeble 
impression would be made on the plate, and this would result from a displacement of 0*5A each way or 33 
km/sec approach or lecession. It is very improbable therefore that any parts of the prominence as photo- 
graphed had velocities in the line of sight exceeding about one-tenth the velocities found across the line of 
sight. 

In visual observations of a prominence in the spectroscope the parts which have large motions in the line 
of sight are clearly seen, often projected on the bright continuous spectrum adjacent to the I-Ia line. At 
Kodaikanal the prominence of May 26 was observed in the grating spectroscope attached to the 6 -inch equatorial 
by First Assistant S. Sitarama Ayyar, and he noted a displacement of 3A to the red at 8 ^ 50™ over the lower 
half of the prominence, and a slight displacement to violet in the upper part. The largest displacement he 
observed would imply a velocity of recession of 137 km/sec in the lower part of the main coliiinn, and here a 
drawing would probably have differed somewhat from the photograph. 

The spectio-enregistreur des vitesse designed by Deslandes would be an invaluable adjunct to the 
spectroheliograph foi the complete determination of velocities in eruptive prominences, but it would need to 
be worked as an entirely independent installation with a separate heliostat, on account of the very limited time 
available during the progress of a great eruption. 

In the prominence of May 26 the components of motion across the line of sight appear to have been 
much larger than those in the line of sight, which are relatively of small importance. The striking feature 
resulting fiom the measurements is the unexpectedly consistent nature of the motion, all the parts of the 
prominence being found to be moving radially from the central point situated in the chromosphere at the base 
of the main stem. The bright rocket-like condensation which gives the impression of falling back towards 
the sun is in reality moving upward and outward from the main column but with a lesser speed than the 
higher parts of the prominence, and the prominence 20 ° to the north of the column is moving horizontally 
along the sun’s surface with the smallest speed of all. The greatest velocity is found in the main column and 
the movement is here all in the direction of the column. The straightness of this column is remarkable 
especially in view of the fact that it is inclined 27“^ to the direction of the solar radius. It bends over at the 
top but not in the direction one would expect from the action of gravity. The column inclines towards the 
equator, yet the branching streamers bend back towards the pole : these streamers however possibly represent the 
P’ojections of more or less spherifsal shells of luminosity expanding outward from the central point of radiation 
in the chromosphere. 

Discussion of vesults. The physical interpretation of the phenomena observed in an eruptive prominence 
such as that of May 26, 1916, is not easy. The total quantity of matter concerned is probably small and the 
density almost inconceivably low, as will appear from the following considerations. Prominences in general 
and the chromosphere from which they arise are certainly cooler than the photosphere, their emissive power 
being less. This is shown by the strong absorption lines of hydrogen a, /9, 7 , and the calcium lines li and K 
in the solar spectrum ; the hydrogen line B is however comparatively weak, e is almost absent as a- dark line, 
and the rest of the Balmer series in the ultra-violet are entirely missing as dark lines although they are 
conspicuous emission lines in eclipse spectra. But at the centre of the sun’s disc the depth of hydrogen 
through which the photospheric light has to pass is about 6,000 km and it increases to 90,000 km at the limb, 
yet no trace of absorption due to these ultra-violet lines occurs in any part of the disc. This behaviour of the 
ydrogen lines might be due to molecular scattering in the photospheric region reducing the intensity of the 
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continuous spectrum background, as has been suggested by Schusterl But if this were so, the lines of other 
elements besides hydrogen might be expected to show a similar tendency to become less dark, or to disappear 
altogether in the ultra-violet region, which is certainly not the case. 

It appears to me more probable that the disappearance of the less absorptive radiations of hydrogen is 
simply due to insuflicieiicy of material. As in the case of helium, the total quantity of gas in the chromo- 
sphere IS not sufficient to produce appreciable absorption. The emissive (and absorptive) power of hydrogen 
increases with the wave-length for the Balmer series of lines, and it may be that the total quantity of gas in the 
chromosphere is only sufficient to give an intensity of emission and absorption comparable with that of a black 
body at the same temperature for the three less refrangible lines. 

Now it is only by extrapolation that an estimate can be made of the actual emissive power of a black body or 
of a gas of sufficient thickness, at solar temperatures, but it is probably greater than that produced in the laboratory 
by the electrical stimulation of gases. It will perhaps be safe to assume that the emissive power will be at least 
equal to that of hydrogen in a partially exhausted tube in which an electrical discharge is passing. But with a 
tube reduced to 1 mm pressure the thickness of gas necessary to give the maximum emission, or absorption, will 
perhaps be only of the order of a few cm for the less refrangible lines and possibly as much as a metre for the 
ultra-violet lines ol the Balmer series. If this is so, in order to produce the partial absorption ending at He 
observed in the chromosphere, the total depth of gas lying above the photosphere must be the equivalent 
of something less than a meter at 1 mm pressure ; but as it is spread over a depth of 6 X !()« meters the demitv 
will be reduced six million times. , 

The assumption as to the total thickness of gas necessary to give maximum emission and absorption in the 
laboratory may be varied within very wide limits without altering the conclusion that the partial nature of the 
hydrogen absorption in the sun indicates an excessively low density. If the hydrogen in the chromosphere 
had a density approaching that in the vacuum tube at 1 mm pressure it is probable that in a depth of about 

180.000 km at the limb the accumnlation of feeble radiations between the Balmer lines would produce a 
continuous emission spectrum instead of the narrow bright lines with clear spaces seen at eclipses. 

The same arguments apply with still greater force to the prominences, if we may assume that the radia- 
tion IS due to heat alone and that Kirchoffs law applies, for only a smtill proportion are dense enough to 
produce absorption in the Ha line even when the line of sight passes through a thickness of some 50,000 to 

100.000 kilometers. These denser absorbing prominences are also brighter than the average, not because of 
a higher temperature, but because they approximate to black body radiation which the majority of prominences 
never attain, notwithstanding the vast depth of space occupied. 

We may form a rough estimate of the tohil mass and of the density of the hydrogen constituent of a 
prominence assuming tJiat the amount of hydrogen is eoiuivalent to that in a layer one centimeter thick at a 
pressure of 1 mm of mercury at normal temperature. The equivalent volume of a prominence of say one 
square minute of arc apparent area, or actually at the sun’s distance IS’9 X lO^s square centimeters will be 
18 '9 X 10^® cubic centimeters, and the mass 2*21 X 10® kilograms. 

If the prominence has a thickness which is the equivalent of 1 minute of arc or 4a,4:80 kilometers, the 
dmsity will be less than that of the gas at 1 mm pressure in the ratio of 1 centimeter to 43,480 kilometers or 
4,348 million times. This excessively low density will not affect the emissive power of the prominence since 
the angular sijie is the same whatever thickness be assumed. Notwithstanding this extremely low density the 
number of hydrogen molecules will still be of the order of 8*2 X lif in a cubic centimeter. 

If as is possible the emission under solar conditions is greater than that in the hydrogen tube, the amount 
of matter present in the prominence and its density must be correspondingly diminished. 

^ Under this condition of excessively low density the prominence matter will of course not conduct electricity 
as the discharge tube, that is, we cannot expect to observe electric discharges on a big scale in the 
prominences. The atoms may indeed carry charges and be impelled by electric forces, although the apparent 
absence of any Stark effect tells against such a hypothesis. The calcium lines H and K in the prominences 
are usually very sharply defined narrow lines about O'lOA in width, but they are frequently bent and 

" A. Schuster, “ Kadiation through a Boggy Atmosphere," Aatrophysical Journal, XXI, 21, 1905. 
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distorted or bodily displaced by motion, and there is often a tendency to a diffused widening in the higher 
parts of a prominence. The Ha line is similar but wider, it measures OTA in the chromosphere and about 
0*4 A in the prominences. In neither H and K nor Ha have I met with anything suggesting a separation 
of the lines into two or more components, but possibly the conditions would not be favourable for the produc- 
tion of a Stark effect even if strong electric fields are actually present in the region immediately above the 
chromosphere. 

There is some evidence that eruptive prominences consist in their earlier stages of unusually dense low- 
lying gas gdving strong absorption in Ha and the calcium lines Ha Ka. The mass of gas may persist for 
several days apparently unchanged and then suddenly become unstable, coming under the influence of a force 
which apparently tears it to shreds and sends the fragments flying into space with accelerating speed. Con- 
sidering the comparative rarity of these outbursts it is remarkable that another eruption having much the same 
character as that of May 26 was observed by Buss two days later.^ This also developed from a dark hydrogen 
flocculus and is stated to have resembled “ a stupendous luminous fountain,” it appeared in the same solar 
quadrant but in a lower latitude, the end of the dark absorption marking as photographed at Kodaikanal in K 
light being at latitude 26° on the eastern limb. In this case the entire length of the dark flocculus appears to 
have been dissipated by the eruption, whereas in the prominence of May 26 only the eastern end of a long and 
straggling flocculns disappeared. The sudden disappearance of Ha absorption markings photographed on 
the disc of the sun has been noticed on several occasions at Kodaikanal but in positions too far removed from 
the limb to observe any accompanying eruptive prominence. 

The relation between unstable prominences and absorption phenomena has also been observed by A. M. 
Hewbegin esi:>ecially with regard to absorbing hydrogen when seen in projection on bright prominences.‘'^ 

It would seem from these observations and others I might mention that prominences dense enough to 
give strong absorption in Ha and the calcium lines Hs and Ks are for some reason unstable and liable to 
sudden 6xi)losive dissolution. That the dissipating force lies at the surface of the sun and may be localisied in 
a very limited region appears to be indicated by the radiating movements measured in the photographs of 
May 26. 

The rapidity with which apparently large masses of gas fade away to invisibility may probably be explain- 
ed by the extremely low density, for each atom of gas occupies so large a volume of space that it is independ- 
ent of all the others, its mean free path being practically infinite ; the gas can thus have no temperature in 
the ordinary sense, and its emissive power is not dependent on mutual collisions but only on absorption of 
photospheric radiation, which is apparently insufficient to maintain luminosity at great heights above the sun’s 
surface. The prominence as a whole may continue luminous if a constant supply of gaseous atoms endowed 
with great internal energy is emitted from the chromosphere, but the moment this supply ceases the promi- 
nence would fade. This is suggested by the behaviour of the main stem of the big prominence ; this evi- 
dently consisted of a stream of rapidly moving gas which maintained a brilliant luminosity during the period 
when it formed a continuous column, but as soon as the supply of gas from the chromosphere ceased and 
breaks in the continuity occurred, the separate detached masses faded very rapidly. However an examination 
of the photographs reveals another feature not readily explained in this way. If the photograph at 8^ 
50"^ is compared with that taken six minutes later it will be found that some of the detached masses high 
above the chromosphere such as the ** rocket ” formation and other bright condensations have increased in 
luminosity although no connection with the chromosphere is apparent ; this almost suggests collision of the 
moving gases with denser matter already existing in this region. 

Another remarkable and at present mysterious feature is the almost simultaneous fading of the entire 
prominence, already alluded to. When the main column disappeared the subsidiary column 260,000 km 
to the north of it succumbed also as well as the rocket formation and all its appurtenances, distant some 
300,000 km from the main column and an equal distance above the chromosphere. 

The Obseryatoky, Kodaikanal, J. EVERSHED, 

25th January 1917. Director, Kodaikanal and Madras Ohservatories. 

1 The Observatory, XXXIX, 352. 2 Journal of the British Astronomical Association, XXVI, 307. 
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Table I. 


Photo^aph 

numlber 

Centre of 
Prominence 

Photographed at 

exposed at 


H. 

M. 

s. 

■ I 

1 

7 

47 

07 

Srinagar. ^ 1 

2 

8 

05 

34 

Do. ' 1 

3 

8 

21 

31 

Kodaikaual. ' ‘ 

4: 

' 8 

21 

33 

Srinagar. , j 

i 5 

8 

36 

06 

Do. ; ! 

, 1 ' 

6 

1 

8 

47 

15 

: ;[■ 

Kodaikanal. i 

i 7 

1 

8 

49 

50 

Srinagar, 

8 ; 

' 8 

55 

18 : 

Do. ; ; 

1 ® 

8 

57 

32 

Kodaikanal. ; - 


9 

04 

.06 

Do. i 

! 11 . 

9 

10 

45 

Do. 

12 

9 

18 

40 

Si’inagar i 

; 13 ; 

9 

20 

16 

Kodaikanal. : 

14: 

9 

22 

37 

Srinagar.* {; 

i 15 

. 9 

27 

31 

Kodaikaiial. ' 

1 10; ■ 

9 

42 

12 

Srinagar. ji 

17 

9 

47 

52 

Do. !' 

The times are 5i hours fast on Greenwich civil time. | 
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Table II. — General movement of ascent of the prominence 


Photograph 

number 

Time 

Interval 

Motion radial to sun 



H, m:. s. 

M. s. 


KM/SK(; 

- 

2 

8 05 34 



i 


4 

8 21 20 

15 46 

100 

7') 


5 

8 35 44 

14 24 

184 

157 


7 

8 48 54 

13 10 

219 

203 


8 

8 54 04 

5 10 

123 

292 



The velocities in direction of column are about 5 per cent greater. 


216 


Table III.-— Movements op parts op the prominence 
A. — Movements measured parallel to column 


PhotoOTsiph 

number 


Time 


Interval 


Motion parallel to column 


Spot near base op column 



H. M. 

s. ■ 

s. 


6 

8 46 

30 

244 

63 

7 

8 50 

34 




icm/sec 

189 


8 

9 

6 

7 

8 
9 


7 

8 
9 


Projecting point on column 


8 55 20 
8 57 22 


122 


76 


Arrow like marking near column 
8 46 45 


8 50 20 
8 55 20 
8 57 25 

Whole interval ... 


215 

300 

125 


640 


64 

101 

72 


237 


Streamer near top op column 


457 


218 

247 

423 


272 


8 49 42 




8 54 38 

296 

1.33 

329 

8 58 10 

212 

85 

296 

Whole interval ... 

508 

218 

316 


B.-~ Motion measu'red radial to sun 



Photograph 

number 

Time 

Interval 

Motion radial to sun 




Detached remnants op prominence 




13 

H. M. s. 

9 18 45 • 

s. 

// 

km/sec 



15 

9 22 37 

232 1 

100 1 

319 
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( 7 . — Movements measured in two co-ordinates 


Photograph 

number 

Time 

Interval 

Motion parallel to column 

Motion at right angles to 





column 


BHIGHT POINO? TJNDETi THE ARCH. 



H. 

M. 

s. 

s. ■ 

/J 

km/sec 

" 

km/sec 

7 

8 

50 

14 






8 

8 

55 

17 

303 

118 

285 

47 

115 

9 

8 

57 

34 

137 

63 

CO 

CO 

28 

152 


Whole interval ... 1 

440. 

181 

302 1 

75 

127 


Resultant mean velocity 328 km/sec 
Bright condensation above the rocket-like marking 


8 

47 

05 






8 

50 

12 

187 

23 

89 

19 

75 

8 

55 

20 

308 

67 

136 

48 

113 

8 

57 

25 

125 

32 

190 

23 

134 

9 

04 

08 

403 

81 

148 

97 

176 

Whole interval ... | 

1023 

193 

139 

187 

133 


Rocket-like marking 


Resultant mean velocity 192 km/sec 


7 

a 

50 

34 






8 

8 

55 

51 

317 

6 

13 

36 

84 

9 

8 

57 

02 

71 

8 

78 

19 

197 

10 

9 

03 

46 

404 

34 

62 

80 

145 


Whole interval ... ] 

792 

48 

44 

135 

125 


Resultant mean velotity 132 km/sec 


77 . — Motion of prominence at latitude 65 ° — 69 ° 


Photograph 

numher 


Time 


Latitude of 
base 


H. 

M. 

s. 


2 

8 

06 

32 

63 

3 

8 

20 

55 

66i 

5 

8 

36 

47 

66 

6 

8 

45 

55 

67i 

7 

8 

61 

23 

68 

8 

8 

56 

61 

69 

10 

9 

02 

43 

69 

11 

9 

09 

06 

68 


Motion between 8h 21 m and 8i» — 3^ degrees of latitude in 36 minutes, equivalent to 20 km/sec tangent to sun. 
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DIAGRAM SHOWING DIRECTIONS OF MOVEMENT AND VELOCITIES OF FARTS OF THE PROMINENCE 
IN KILOMETERS PER SECOND. THE DRAWING REPRESENTS THE PROMINENCE AT 8>' 67>" I. S. T., 
EXCEPTING THE HIGHEST DETACHED PORTION WHICH WAS ALL THAT REMAINED AT 9'' 22'" 






BULLETIN No. LVL 


SUMMAEY OE PEOMINENOE OESEEYATIONS POE THE SECOND 

HALF OP THE YEAE 1916. 


In this bulletin the spectroheliogh’ams obtained at Srinagar until the end of October by the Kashmir 
expedition under Mr. J. Evershed, F.R.S., the Director, have been used to supplement the Kodaikanal series. 
Yisual observations at Kodaikanal were practically confined to displacements of the hydrogen lines and to 
metallic prominences, as the position angles, heights, and areas can now be much more satisfactorily determined 
from the photographs. For those days when Kodaikanal photographs of prominences were incomplete, 
impel feet or wanting, the photographs taken at Siinagar were substituted when available. This inclusion of 
the Srinagar photographs up to the end of October raises the total number of days of observations from 1(53 to 
169, and the number of effective days from 152 to 162. 

The distribution of prominences observed and photographed during the halJ'-year ending December 31, 
1916, is represented in the accompanying diagram. The full line gives the mean daily areas and the broken 
line the mean, daily numbers for each >5one of 5° of latitude. The ordinates represent tenths of a square 
minute of arc for the full lino and numbers for the broken line. 



The noteworthy features of the distribution are the minimum near 50“ and the maximum near 65° 
This maximum has moved another 5° nearer to the poles compared with the previous half-year ; the northern 
zone IS about 5 ahead of the southern, as is also clearly shown in the prominences projected on the disc as 

absorption markings. The maximum near 30“ which has been noted for several preceding half-years has 
almost disappeared. , 

The mean daily areas and daily numbers (corrected for partial observations) are given in the table below 

where the data for Kodaikanal alone are given separately for the sake of uniformity with previous 
bulletins. ' i — v t mo 


Kodaikanal and Srinagar 
(162 effective days). 


Kodaikanal observations 
(152 effective days.) 


observations (North 
\ South 

Total 

(North 
t South 

Total 


Mean daily areas 
(square minutes). 

Mean daily 

numbers.' 

1‘98 

9’28 

1*60 

8'81 

3-58 

18‘09 

2*04 

9-37 

1*63 , 

8’92 

3’65 

18‘29 


The above figures show a decrease of 6’5 per cent in areas and of 6'2 per cent in numbers, when compared 
with those of the previous half-year. The distribution in latitude shows that the diminution in area affects 
practically all latitudes but is especially marked in the south between 20° and 40°. 

There has been an excess of prominence activity in the northern hemisphere, namely r)5’3 per cent in 
■areas and 51 2 per cent m numbers. The excess of activity in the northern hemisphere is also to be seen in 

metallic prominences, m the displacements of the hydrogen lines in prominences and in the Pig, absorption 
markings. i 

The monthly, quarterly, and half-yearly frequencies and the mean heights and extents of prominences 
recorded at Kodaikanal and Srinagar are given in the following table. The frequencies are derived from the 
number of effective days. 


Abstract for the second half of 1916. 


Month. 

Number of days of 
observations. 

Number of 

Mean daily 

Mean 

Moan 


Total. 

Effective. 

prominences 

frequency. 

height. 

extent. 

1916. 





n 

O 

July 

ao 

30 

433 

14-4 

32-3 

2-51 

August 

30 

'29 

489 

16‘9 

35-6 

2-46 

September 

26 

24 

415 

17-3 

33-0 

2v34 

October 

29 

27 

479 

17-7 

.36-7 

2-46 

November 

27 

26 

566 

21-8 

321 

2-54 

December 

27 

26 

547 

21-0 

34-5 

3-.32 

Third quarter 

86 

83 

1.337 

16-1 

33'7 

2>44 

Fourth quarter 

83 

79 

1592 

20-2 

.34-3 

2-78 

Second half-year ... 

169 

162 

2929 

18-1 

34-0 

2-62 
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Distribution east and ivest of the sun's axis. 

Areas show a preponderance at the western limb, and numbers at the eastern limb as shown below. The- 
most probable excess due to chance when 2929 prominences are observed is ±0‘62 percent, and the occurrences 

ot 51 25 per cent and 47 90 per cent at either limb are respectively 2*5 and 13‘2 times less likely than 50 per- 
cent at each limb : — 


t/ 

1916 Juij' to December, 

East. 

West. 

Percentage east. 


Numbers observed 

1501 

1428 

51 '25 



Total ju'eas iu square minutes 

2780 

8024 

47-90 


Metallic prominences. 

The following- metallic iiroininences were recorded in the half-year 

lABLB I. List of Metallic Peominences obseeved at Kodaikanal, July to Decembbe 1916. 





Latitude. 

- . 

■ 

1 

1 

Date. 

Hour 

r.s.T. 

Base. 



Limb. 

Heiglit. 

j Itemarks. 




North. 

j South. 



I 

1910. 

M. M. 


0 

O 


n 


July 1 

8 40 



12 

W 

I5i 

Hi, Dj, bi, ha, bs, Iq faint. 


n J() 

10 

22 


w 

90 

Hi, Hj, bi, K hi,, bi, 531 G’8, 527(5-2. 

V 

August 10 

8 50 

() 


18 . 

w 

45 

Di, Da, bi, ba, b,, .531G-8, (5677. 

on 

1 V/ 

2 

18 


E 

10 

Di, Db, bi, bs very bright. 

Ztl 

o OU 

12 

24 


W 

150 

(5(577, Di, Db, 5323-1, 5316-9, 5383-8, 5276-2, 


to 






527{)-(5, 52(59-8, bi, bs, ba, bi. 5234*9, 6227*4, 


U; 






5227-0, 5208-8, 520(5-2, 5204-8, 5197*8, 5018*6,, 








5016,4024-1. 

September 22 

10 10 

1 

17-5 


w 

15 


25 

9 32 


25 


w 

20 

Di, Ds, bi, bs, bj, b,|. 

November 1 

8 25 

5 


18-5 

E 

(55 



8 52 


20 


E 

20 

(5677. 

L'} 

8 18 

2 

10 


W 

15 

Hi, Db, bi, bs, bg, bg,. 


9 0 



1(» 

E 

30 

(5677, Di, Ds, 53(53-0, 5316*8, 5276-2, 5234-8.. 




' 




5197-8, bi, bs, bg, bi, 5{)]8-(5, 5016, 4924-1. 

December 2 

A 

8 42 



10 

W 

10 

Hi, Hb, bi, bs, bg, bi, 5316*8 slightly bright. 


o «■) / 

8 

88 


E 

25 

Whole prominence seen in D,. Db, b,. b®. b*.. 








bi, 5316-8. 

() 

8 ;]5 


27 


W 

154: 

4924-1, 5016, 5018-6, bi, bs, b*, b„, 5197*8, 








5234-8, 5276-2, 5284-2, 6316-8, 5363*0, D,. D,.. 








6677, 7065. 

10 

8 52 

4 


43 

w 

30 

Hi, Hb, bi, bs, bg, bi, 5316-8. 

10 

8 58 


5 


w 

(50 

Ho. 

10 

8 t)9 


10 


. w 

low 

Do. 

10 

8 59 

2 

1 6 


w 

25 

Hi, Db, bi. b, bg, bi, 5316-8, 6234*8, 527^-2,. 








5363-0. 

17 

8 38 

4 

35 


w 

30 

Dj, Db, bi, bz, bg, bi, 5316-8. 

18 

8 55 

4 

15 


w 

35 

Do. 

19 

8 38 



33 

w 

145 

Do. 

28 

8 22 

3 

:i7-5 


E . 

40 

Do. 

2o 

8 35 

4 


41 

E 

40 

Do. 

27 

8 58 

6 

12 


E 

15 

Do. 

30 

8 3G 

3 

10*5 


E 

GO 

Do. 


Tlie total was 25 against 33 in the preceding half-year. Their distribution, north and south, and extreme 
and mean latitudes are given below : — 


North 

South 

Nine of these were observed on the 


Number. 

Mean 

Extreme 

latitude. 

latitudes. 

17 

187 

.35, 5 

8 

23-9 

43, 10 


eastern hemisphere and the remaining sixteen on the western. 


D'isi3lacements of the hydrogen lines. 
Particulars of the displacements observed are given in Table II. 

Table II. — Displacements of the hydrogen lines. 


/ 

Hour. 

Latitude. 



Displacement. 


“ ■*"" 

Date. 




Limb. 




Iternarks. 

I.S.T, 


1 



- - 



North.lSouth. 

J 


Eed. 

Yiolet. 

Both ways. 


1 

1916. 

H. M. 

O 



G 

A 

0 

A 

1 


July 1 

8 40 

32 

12 

W 

Slight 




2 

8 27 


yy 

Do. 



At top. Height 100" at 
8’‘ 27'” ; 75" at 8'* 52'” 
and 35" at 10'* O'". 


5 

8 15 

9 


E 


0'5 


5 

6 

6 

8 4 

8 33 

8 30 

85 

35 
84'5 
58 '5 

E 

W 

W 

. 

Slight 

Do. 

Do, 


No proniiuonce. 

6 

8 17 


W 

Slight 



8 

8 20 

21 


w 



Slight 

Over whole prominence 

9 

9 

10 7 

10 0 

22 

76-5 

w 

w 


Slight 

Do. 


(70" high). 

12 

13 

8 27 


3h5 

w 

Slight 



9 35 


9 

E 

. 0-5 


Over upper half of 









promiiieuco (160" in 

18 

8 26 

67'5 


B 


0‘5 


height). 

18 

8 35 


50 

B 


0-5 


Over whole prominence 









(height ' 20"), Amount 
1 A at 8'' 38'”, No dia- 

18 

20 

20 

8 24 

9 1 

9 8 

52-5 

11 

75 

W 

E 

E 

Slight 

»[( 

Slight 

Slight 

plaocmcnit at 451”. 

On Mouthorn Imlf of 









prominence base 16°, 









height 75". * slightly 

to rod at base at ■■i-7°E 









and 1 A to violet over 
the whole prominence 
to the soutli of it at 

20 

20 

20 

21 

22 

23 

24 

24 

8 66 

8 48 

8 45 

8 50 

8 43 

8 58 

10 30 

10 20 

25-5 

35 

12-5 

67-5 

67 

23-5 

85 

13 

E 

W 

w 

E 

E 

W 

E 

W 

Slight 

Slight 

Slight 

Slight 

Slight 

3 

Slight 

Slight 

9h 10'”. 

No prominence. 

At base. 

Slight at 10'' 22*”. No 

26 

26 

31 

8 56 

8 42 

9 60 

15 

78-5 

9-5 

E 

W 

F, 

1 

2 



prominence here. 

2 A at 8'‘ 59'”. 

At top. 





1 


At the end of the stream- 

31 

8 58 


29 

E 

0-5 



er flowing north. 

Over whole prominence ; 
height 4()"-l-. 

31 

9 25 

10-5 


W 


1 






Displacement gone at 9'* 

31 

9 15 

16 


W 



2 to red and 

27'”. 

There appeared to be 








1 to violet. 

dark 0 also displaced 
contiguous to bright C 









towards violet. This 
feature was not visible 
at 9'' 27'". 
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Date. 

Hour 

I.S.T. 

Latitude. 

Limb. 

1 

N. 

S. 

1916. 

H. 

M. 

o 

0 


August 1 

9 

13 

19 


W 

4 

8 

0 

12 , 


W 

10 

8 

50 


00 

w 

14 

10 

3 

13 


E 

16 

9 

30 ' 

9-5 


E 

21 

9 

17 


24 

E 

21 

9 

10 


19 

W 

23 

9 

4 


1 

w 

23 

8 

59 

42 


w 

24 

9 

5 

83 


E 

24 

8 

55 


19 

E 

24 

8 

65 


25 

E 

24 

9 

12 

12 


W 

25 

8 

35 

29 


w 

25 

8 

40 

18 


w 

25 

9 

15 

24 


w 

27 

8 

30 


6 

E 

27 

8 

16 


63-5 

w 

27 

8 

5 

33-5 


w 

27 

8 

2 

77 


w 

September 2 

8 

55 

55-5 


w 

3 

8 

48 

1 


w 

3 

8 

40 

68 


w 

4 

10 

64 

22 


w 

6 

8 

48 


3 

E 

6 

8 

31 

10 


w 

6 

8 

29 

35 


w 

13 

9 

55 


41-5 

E 

18 

8 

37 


82-5 

E 

22 

10 

10 

17-5 


W 

23 

8 

40 


19-5 

E 

24 

8 

36 

27 


W 

25 

9 

32 

25 


W 

25 

8 

12 

53 


w 

26 

11 

25 

19 


w 

26 

11 

27 

24 


w 

27 

8 

37 

83 


E 

27 

8 

33 


81 

E 

29 

8 

35 

69 


E 

29 

8 

25 


36 

E 

30 

9 

6 

33 


E 

October 1 

8 

29 

21 


•W 

2 

8 

40 


32 

E 

4 

11 

15 

18 


E 

7 

8 

57 

25 


E 

8 

9 

5 

18 


E 

8 

8 

49 


69-6 

E 

11 

8 

45 


3 

E 

11 

8 

32 


35 

B. 

13 

8 

48 

80’5, 


E 

13 

8 

50 

32 


E 

14 

9 

40 


18 

E 

17 

8 

24 

38 


B 


Amount of displacement. 


Red. 


Violet. 


Both ways. 


A 

1 


1 

0-5 


1 


Slight 

Slight 

Slight 

Slight 

Do. 

1 


1 

Slight 

Slight 


Slight 

Slight 

Slight 

Slight 


0-6 


1 

2 

Slight 

Do. 

0*5 


Slight 

Slight 

1 ■ 
0-5 

Slight 

Do. 


Slight 

Do. 


Slight 

Slight 

1 

Slight 

Slight 


Slight 

Do. 

Slight 


Slight 

1-6 

Slight 

1-5 


Slight 


Remarks. 


Form but not the amount 
of displacement chang- 

No prominence. 

1 A to violet at 10'' d™. 


Prominence at 
this position 
detached in 
Ha. Displace- 
ment over 
whole detach- 
ed part. 

At base. 

At base. 


Dis- 
place- 
^ ments 
'Slight 

9hl5“>. 


No prominence. 


At top ; height 10". 


Not seen at 9'' 0“. 


At the southern end of 
the streamers. Dis- 
placements over 5° on 
the southern side rang- 
ing from slight to 2 A. 
8'' Nothing at 

8>i 20"'. 


At top ; height 20". 


0'5 

1 

Slight 


1 

Slight 


Slight 

Slight 

Slight 


0-5 


Slight 


Slight 


At top ; height 30". 

Over the whole pro- 
minence ; height 15". 


Slight 


At top ; height 35". 
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Date. 

Hour 

I.S.T. 

Latitude. 

Limb. 

Amount of displacements. 

! 

i Remarks. 










N. 

1 B. 


Eed. 

j ; Violet. 

Both ways. 


1916. 

H. 

M. 

o 

0 


O 

A 

6 

0 

A 


October ■ 17 

8 

15 

8 


W 

2 

Slight 


To red at top and .:'to 










violet at base. (Height 
20 ".) Da similarly 

17 

20 

8 

9 

8 

28 

46 

20-5 


W 

w 

0-5 

Do. 


displaced. 

At base. 

24 

24 

8 

15 

6C)-5 


w 

Slight 

Slight 


To violet at top, to red 
a little lower. (Height 
95".) 

8 

31 

75-5 


w 


0-5 


26 

8 

28 

35 


E 

Slight 




25 

' 8 

38 


19-5 

w 

Do. 

1 



25 

8 

41 

12 


w 

0-5 




26 

27 

31 

,8 

39 

58'5 


w 


Slight 



9 

8 

9 

30 

34’5 

63'5 


E 

E 

Slight 

Do. 


Over whole prominence. 

31 

8 

35 

18 


E 

Slight 


At top, 

November 1 

8 

30 

24 


E 

1-5 




1 

8 

25 


18-5 

E 

Slight 



At base. 

2 

8 

8 

60 

23'5 

52-5 


E 

W 


“ Slight 



28 


0-5 


Over whole prominence. 


8 

22 

74'5 


w 

Slight 

Slight 


To red over the longer 



22 



w 

- 



streamer and to violet 
at base of prominence. 

2 

8 

82 



Do. 


At base. 

3 

8 

28 

26 


E 

1 

0-5 


To red at base, to violet 




30 


E 




at top. 

, 4 

8 

8 

30 



3 


3 A at top, 2 A at base. 

4 

23 

19'5 


W 


1-5 


4 

8 

20 

Equa- 


E 

1-5 







tor 







6 

8 

41 

29 


. E 



1 


( 

10 

35 5 



c 

4 

0-5 



6 

& 

375 

7'5 


e5 

at base 

at top 
lO'i 35'" 



t 

9 




gii 37 m 



6 

9 

8 

57 


w 



Slight 

At base. 

8 

10 

12 

19 

18 

E 

Slight 



y 

9 

G 


E 

Slight 

Slight 


9 

8 

40 

57 


W 

0'5 


11 

9 

6 

30 

# 

E 

Slight 




12 

9 

19 


30 

E 

Do. 




13 

8 

18 

17 


W 


0-5 



14 

8 

27 

4 


E 

, 

Slight 



14 

8 

49 

27-5 


W 


. 0^5 


At base. 

^ 16 

9 

57 


83 

B 


Slight 



18 

8 

17 

20 


W 


Do. 



21 

•8 

42 


22 

E 



Slight 


21 

8 

42 


24-5 

E 

0-5* 


Dm 

* To red at 8*‘,44'". 

21 

8 

46 


35 

E 

0*5 



At base. 

21 

8 

17 

52 


W 


Slight 


26 

9 

52 


26 

B 



Slight 


27 

8 

45 

41 


E 

Slight 



27 

8 

28 

53 


W 

0-5 


No prominence. 

27 

8 

25 

76 


w 


Slight 


At base. 

27 

8 

23 

87-5 


w 


Do. 


Do. 

28 

8 

55 

6-5 

1 

E 

Slight 



28 

9 

00 


16 

E 

1 

0-5 



28 

8 

38 

17 


W 


Slight 


30 

9 

'8 

15-5 


E 


Slight 


December 1 

8 

57 


18'5 

E 

1 

2 




8 





at base. 

'' at top. 



2 

48 


40 

W 

0-5 



2 

8 

43 

25 

18 

W 



Slight 


. . ^2 

8 

39 


w 


. Slight 

0-5 


4 

8 

37 

33 


E 



At base. lA to violet at 










top at 8 *' 43"'. 3A to 
violet at top and 0*6 A 










to red at base at 8 ^ 45'". 
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Date. 


1916. 

December 


- - S- 



Hour 

LS.T.' 

Latitude. 

Limb. 

j Amount of displacement. 

N. 

S 

Red, 

Violet. 

Both ways. 


H. 

>1. 


0 


1 

1 

' 1 

5 

10 

50 

28 


W 

2 

Slight 


5 

10 

45 

.59'5 


W 



Slight 

'6 

8 

.B5 

27 


W 

Slight 

Slight 


9 

8 

57 


B8 

E 

0-5 



1) 

8 

25 

65 


W 


Slight 


10 

8 

57 


8 

W 

0-5 



11 

a 

48 

9 


E 


Slight 


14 

8 

18 

88 fj 


E 

0'5 



14 

8 

B2 

.58-5 


W 


f)-5 


15 

8 

52 


17 

E 


1*5 


15 

8 

42 


48 

W 

0-5 



17 

8 

24 

20 


E 

Slight 

Slight 


17 

8 

19 


13 

E 

Do. 



17 

8 

B5 

25 


W 

Do. 



18 

8 

55 

15 


W 


1-5 


19 

8 

51 


26 

E 

0-5 



19 

8 

BS 


;bb 

W 


Slight 


19 

a 

B8 


BB 

w 

Slight , 

fio. 


21 

8 

B7 

47 


E 

0-5 



21 

8 

47 


11 

E 

V 

Slight 


21 

8 

5-1 


li) 

E 

0-5 



'22 

8 

B2 


20 

B 

1*5 



22 

8 

;io 


26 

E 


Slight 


24 

8 

19 

88 




0-5 


24 

8 

22 


21 

W 


Slight 


25 

8 

46 


1 

E 

Slight 



26 

8 

40 

6 


E 

Do. 



27 

8 

54 

17 


E 

Do. 



27 

8 

55 

IB 


E 

0-5 

2 


27 

<) 

4 


66 -.5 

E 


1 


28 

8 

B8 

12 


E 

.B 


0-5 

28 

8 

41 

6-.5 


E 

1 



28 

8 

27 


17'5 

W 

Slight 



2i) 

8 

-15 

IB 


E 


Slight 


2i) 

8 

BO 

18 


E 


0’5 


.80 

8 

B9 

56 


E 

Slight 



BO 

8 

B6 

10-5 


E 

Do. 



.BO 

8 

48 

10 


W 

Do. 



BO 

8 

51 

47-5 


W 

Do. 



B1 

9 

0 


61 

E 

Do. 



B1 

8 

47 

25 


W 


0>5 


B1 

8 

45 

45 


W 


Slight 



Remarks, 


Slightly to violet at base 
a.t 26°'’6. 10'’ 52m. 

No promineoce. 


At base. 

On the upper part 
Height 100". 


To red at top, to violet 
on lower part. Height 

6or 


To violet at base, to red at 
top. Height 145". 


Only to viololi at 8’’ 58'“' 
and nothing at 9'“ 0"'. 

At top. Height BO". 

No prominence. Both 
ways lower in chromo- 
sphere and to red higher 
lip. A prominence 2.5" 
.at H'' 41"“.' 


The total number observed was 179 against 200 of the preceding half-year. There were 115 in the 
northern hemisphere and ()3 in the southern, 1 being on the equator ; 93, or 52 per cent, were in the eastern 
hemisphei-e, 85 in the western and 1 on the central meridian. 

Eighty-nine of them were to the red, 87 to the violet and 23 both ways simultaneously. Between 0° and 
.30° there were displacements observed in 105 prominences, between 31^^ and 60° in 42, and between 61° and 
in 32. 


Eaversdk and Dis^pla cements of the 0 line on the Disc. 

One hundred and eighty-four reversals qf the 0 line near spots, 17 darkenings oftheDs line, and 44 
displacements were recorded. Each of these is a marked decrease on the previous half-year. Their distribution 
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east and west of the central meridian together with the mosi probable excess due to chance is given 
below ; — 



East. 

West. 

Percentage 

east. 

Most probable 
e.xcess. 

Reversals of C near spots 

104 

80 

56-5 

±2T,% 

Darkenings of D.j 

LO 

7 

58-8 

±8*4% 

Displacements of C ... 

20 

22 

47T; 

±5-1% 


There was a large preponderance of displacements towards the red, 31 being to the red. 14 to the violet, and 
'7 both ways simultaneously. 


Pro'mmmGea projected on the disc as absorptio7i ma/rkings. 

The grating spectrolieliograph for photographing the absorption markings in Ha light was in regular usa 
during the six months. Photographs were obtained on 111 days counted as 93 effective days. The mean daily 
areas in millionths of the' sun’s visible hemisphere, corrected for foreshortening, and the mean daily numbers 
dire given below : — 



Areas. 

Numbers, 

North .y 

980-(; 

7*51 

South ... 

i * 

... 74(r2 

5*34 

i 

Total ... 1726*8 

12*85 

! i 

The areas of absorption markings 

1 given in Kodaikanal Observatory Bulletins XLVIl, 

Ij, and LII, for the 

year 1915 and the first! half of 1916 

should be multiplied by 2, those given for previous years being correct. 


They are reproduced correctly below : — 


Mean daily areas of Ha Absorptimi markings. 
(Millionths of the sun’s visible hemisphere.) 




1915 

1915 

1016 



January to June. 

July to December. 

January to June. 

North 



1536*4 

984’b 

812*2 

Bouth ... 

... 

1214*8 

1347*8 

879*8 


Total ... 

2751’2 

2331*8 

1692*0 

The distribution of the 

absorption markings 

in latitude is shown in the accompanying diagram, 


simila,r to that in the previous half-year, except that there is a secondary minimum in the belt 25° to 30°. 
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Contrary to every other form (^f :prominen.ce activity these markings show an increase on the previous 
half-year. The increase is, however, entirely in the northern hemisphere, both areas and nnmbers showing a 
decrease in the smith ern hemisphere compared with the previous half-year. 

The distribution east and west of the central meridian has reverted to the usual excess on the eastern side 
the percentage on the eastern side being 55'8 in areas and 54*8 in numbers. The most probable excess due to 
chance is 1*0 par cent on either side, whilst the chances of excesses of 5*8 per cent and 4*8 per cent on either 
side are respectively 240 and .‘1100 times less than that of equality on each side. 


Kodaikanal Observatory, 
(dh March 1917. 


T. ROYDS, 

A smtant Di rector • . 


Pkiok, 8 annas-] 



^otrat^anal #ib^etbatoi:g, 

BULLETIN No. LVII. 


SUMMAEY OF PEOMINENCE OBSBEYATIONS FOE THE FIEST 

HALF OF THE YEAE 1917. 

The summary given in this bulletin is based on observations made at Kodaikanal only. Visual observations 
were practically confined to displacements of the hydrogen lines and to metallic prominences, as the position 
angles, heights and areas can now be much more satisfactorily determined from the photogi'aphs. 

The distribution of prominences observed and photographed during the half-year ending June 30, 1917, 
is represented in the accompanying diagram. The fixll line gives the mean daily areas and the broken line 
the mean daily numbers for each zone of 5° of latitude. The ordinates represent tenths of a square minute 
of arc for the full line and numbers for the broken line. The means are corrected for incomplete or imperfect 
observations, the total of 164 observing days being reduced to 148 effective days. 
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The greatest activity is shown in the belt 65° to 70° both north and south of the equator, the southern 
maximum having advanced 5° towards the pole compared with the preceding half-year. Besides the marked 
activity near the equator there is another maximum at 25° to 30° in the northern hemisphere and at 35° to 40°* 
in the southern. 

The mean daily areas and daily numbers, corrected for partial observations, are given below : — 


Mean daily areas Mean daily 
(square minutes). numbers. 

North ... ... ... ... ... ... ... 2‘94 10‘32 

South ... ... ... ••• ••• ••• ••• 2’42 9'33 

Total ... 5‘36 19’65 


The mean daily areas show a large increase, 46‘9 per cent, on the preceding half-year, and mean daily 
numbers an increase of 6‘9 per cent. The above mean daily area is the largest recorded since 1908, although 
closely approached in 1915. 

There has again been an excess of activity in the northern hemisphere, namely 54'9 per cent of areas and 
52‘5 per cent of numbers. In bhe region 35° to 45° there is, however, an excess in the south. An excess in 
the northern hemisphere is also found for metallic prominences, displacements of the hydrogen lines in 
prominences and for the H« absorption markings. 

The monthly, quarterly and half-yearly frequencies, and the mean heights and extents of prominences 
are given in the following table. The frequencies are derived from the number of effective days. Compared 
with the previous half-year there is a large increase in the mean extent of a prominence. 


Abstract fo7'' the first halfofl^Yl. 


Mouth. 

Number of days of 
observations. 

Number of 
prominences. 

Mean daily 
frequency. 

Mean 

height. 

Mean 

extent. 

Total. 

Effective. 

1917. 





if 

0 

January 

25 

22 

416 

18'9 

38-6 

3'37 

February 

26 

25 

525 

2k0 

.37'6 

4*25 

March 

.60 

28 

577 

20’6 

.39-8 

3'37 

April 

30 

27 

541 

20-0 

40-4 

3'73 ■ 

Wuiy 

30 

29 

565 

19-5 

37' 1 

3'83 

June 

23 

17 

285 

16-8 

381 

3-87 

First quarter 

81 

75, 

1518 

20-2 

38-7 

3-6.7 

Sec(3Tid quarter 

83 

73 

1391 

19-1 



First half-year 

164 

148 

2909 

19'7 

38-6 

3-73 


Distribution east and west of the sunis axis. 

Areas show a slight preponderance at the eastern limb, whereas numbers show practically no excess, as is 
seen below. When 2908 prominences are observed the most probable excess due to chance is ± 0'62 per cent, 
so that the preponderance of areas observed may very well be due to chance only. 


1917 January to June. 

East. 

West. 

Percentage east. 

Number observed 

4465 

1464 

50-02 

Total areas in square minutes 


3897 

50-87 
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Metallic prominencefi. 

The following metallic prominences were recorded in the half-year 


Late. 

Hour 

I.S.T. 

Base. 

Li 

Nortli. 

1917. 

H. M. 

0 

0 

January 17 

10 26 

1 


23 

25 

8 30 
8 49 

13 

15 

14-5 

28 

8 44 

11 


February 16 

i) 13 

67 


18 

8 50 



22 

8 41 

5 

30 

26 

9 0 

1 

28-5 

March 2 

9 3 



8 

8 50 


27 

9 

8 50 


20 

11 

8 50 

5 

27-5 

15 

8 48 

4 


19 

8 53 

14 

13 

20 

9 4 

B 

25*5 

27 

8 43 

6 

20 

27 

8 48 



April 4 

8 57 

2 

29 

5 

8 45 

2 

13 

16 

8 57 

5 

*25-5 

22 

8 32 

4 


May 4 

9 5 

5 

22-5 

8 

8 45 

4 


9 

8 37 

7 

18-5 

12 

9 5 

25 

22-5 

22 

8 35 

3 


24 

8 59 

2 


m 

8 44 



26 

8 55 

2 


28 

9 5 

f 

10 

June 3 

8 59 

.7 

17-5 

22 

8 53 


22 


Latitude. 


Limb. 


South. 

O 

11-5 

22-i3 

17*5 

17 

20 

11 

28 


Height. 


LiueK. 


1ft 


24 


2frr) 

5 

23 

15 


E 


E 

E 

W 


w 

w 

E 

E 


E 

W 

B 

W 


w 

B 

E 

E 

W 


w 

w 


E 

W 


W 

w 

B 

B 

E 

E 

E 

W 


W 

w 

w 


65 


90 

270 

20 


150 

80 

45 

15 


120 

20 

15 

50 


60 

180 

05 

20 

30 


30 

90 


120 

90 


20 

60 

40 

115 

30 

25 

15 

90 


20 

10 


5018-b hi, bs, ha, hi, 5197-8, 5276-2, 
rini I' 5371 -8, 5397-2, 6404-3, 

5405;g, 5429-9, 5434-7, 5447-1, 6455-7, 5535-0, 
D|, La, 6677 — all vei’v bi’iglit. 

hj, bj, ba, hi, 5316-8. 

hi, 1)2 bright at base -from +8° to + 21°. 

5197-8, hi. ba, ba, b^. 5018-G, 
5016 (slightly;, 4924-1. 

H„ Da, bi, 1)2, ba, bi, 6677, 7065, 631ft-8, 4924-1, 
5016. 

hi, 1)2, ba, b.j, 531 6" 8, 

Li, L2, bi, 1)2, ba, hj. 

Di, D2, bi, 1)2, ba, 1)4, 5316-8, 

Li Da, hi, 1)2, ba, 1)4, 66)77, 7065, 6161-8. 

6677, L4, Lj, 5310-8, 5234-8, 5197-6, bi, K ba, 
b4,6018-6,5016,49k-l. 

Li, L2, bi, bo, ba, b.,, 5316-8, 5766. 

5383-6, 5316-8, 5276-2, 5234-8, 
5197-6, 1), 1)2, ba, bi, 5018-6, 5016, 4924- 1-all 
very bright. 

Li, Lj, bi, 1)2, ba, bi, 

T\ ’ 1 ’ 3677. 

Li, L 2 , hi, 1)2, ba, bi. 

Li, La, bi, 1)2, ba, bi. 

e’ ^8' 3276-2, 

5316-8, Li, U2, 


Li, 1)2 slightly bright. 

7065,6677, Lj, La, 5316-8, 5284-3, 5276*2, 5234-8, 
5197-8, bi, 1)2, ba, bi, 5018-6, 5016, 4924-1-all 
very bright. 

Wliolo promiuoiioe visible in Lj, L*, ba, ba, 

^2, ba, b.„ 5197-7, 
5234-8, 527()-2,, 5284-3, 5316-8, La, L^, 

66)7. 


Li, L2, bi, ba, ba- 

^'3241, 5016, 5018‘6, ba, ba, ba, bi, 5197-7, 5234-8, 
, 5284-2, 5316'8, Lj, La, 6677, 7065. 

Hi, La, bi, 1)2, ba. 

Hi, La, bi, ba, ba, 6677, 7065. 

667), L,i La, bi, ba, ba, bi, 5.316‘8. 

6677, Li, La, ba, ba, ba, bi, 5316-8. 

6677, Li, La, 5316-8, ba, bs, ba, bi, 5018-6, 5016, 
4924*1 . 

6677, Li, La, 5535-05, 5363-0, 5316-8, 5283*2, 
5197*6, bi, ba, ba, bi, 6018-6, 

5016, 4924-1. 

Li, La, bi, ba, ba, b,„ 5316-8, 6677. 


Li, Ba. bi, ba, bj, bi, 6316-8, 4924*1, 5234-8, 
6016,6677. 

Li, La, bi, ba, ba, bi. * 
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The total waa 32 against 25 in the preceding half-year. Their distribution north and south, and extreme 
and mean latitudes are given below. They were equally divided between the eastern and western limbs. 


North 

South 


Number. 

19 

13 


Meau latitude. 

O 


211 


17*7 


Extreme latitudes. 

30,° 10° 

25-5, 5 


Displacements of the hydrogen lines. 
Particulars of the displacements observed ai*e given in Table II. 


Table IL — Displacements op the hydrogen lines. 





Latitude. 


Diaplaoement. 


Date. 

Hour 

LS.T. 



Limb. 




Remarks. 









North. 

South, 


Red. 

1 

Yiolet. 

Both ways. 


1917. 

H. 

M. 

e 

0 


1 

i 

1 


January 4 

8 

55 


26-6 

E 

Slight 



No prominenoe. 

4 

8 

59 

41-6 

46-0 

E 


SUght 

Do. 

4 

8 

30 


W 

1 


Near base. 

5 

10 

41 

20 

62 

w 

Slight 



At top. 

6 

8 

63 


E 

Do. 



6 

8 

29 

9-6 


W 


1 



6 

8 

23 

64 


w 

Blight . 




12 

10 

48 

17-6 


w 

0-5 




14 

8 

28 

23 


w 

Slight 




16 

17 

8 

10 

30 

26 

48-6 

11’6 

w 

E 

Slight 

Slight 


About the middle of the prominence. 

18 

10 

28 

32-6 


E 

Do. 




18 

9 

38 


85 

— 

1 



On upper half. 

19 

' 8 

52 

26 


w 


Slight 


19 

8 

52 

28 


w 

Slight 



20 

8 

46 


82 

w 

Do. 




20 

8 

36 


77 

w 


Slight 



20 

8 

32 

38 


49'6 

w 

Slight 



21 

8 

11 


E 

Do. 




23 

8 

30 

16 


E 

0-5 

Slight 


2 A to red a little to the aoutli of it. 

23 

8 

19 

17 


W 


Do. 


23 

8 

18 

36 


w 


2 



24 

8 

29 

16 


E 

1-6 

1-5 



25 

8 

43 


1 

E 


Slight 



25 

9 

5 

78 


W 

Slight 



26 

8 

36 

13-6 


E 

1 


At several places. 

27 

8 

48 

40 


E 

Slight 



At base. 

27 

9 

20 

40 


E 

Blight 


Do. 

■ 27 

8 

65 


20 

E 

Slight 



28 

8 

20 


83-6 

W 

Do. 




28 

8 

40 


43’5 

W 


Slight 



28 

8 

44 


20 

w 


O' 5 


29 

9 

2 

2 


E 

Slight 



29 

9 

7 

2 


E 

0-6 



29 

29 

8 

8 

41 

39 

64 

78 


W 

W 

Slight 

Do. 



Over the whole prominence. 

30 

8 

63 

29 


E 

Do. 




February 2 

3 

16 

11 

20 

11 

13 

16 

E 

E 

, 


Slight 

0-6 

No prominence. » 

Do. 

3 

n 

11 


16 

E 


0-6 

Do. 

4 

8 

41 

12 


E 

0'6 



4 

8 

47 

68 

23 

.E 

Slmht 




4 

8 

20 


W 

Do. 



Near base. 

5 

9 

16 

26 


E 


0-5 


Over the whole prominence. 

5 

9 

4 

Equator ! 

E 

Slight 



■ : 7 

8 

50 

33 


W 

0-5 



At top. 

-.7" 

8 

46 

55 


W 

0-5 



At top of the lower prominence. 

■ ,11 

8 

29 

76-5 


E . 

0'5 



No prominence. 
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Latitirde. 



Date. 

Hour 



■ Limb. 


I.S.T. 

North. 

^ i 
§ ! 

Red. 



1917. 

H. M. 

O 

0 


A 

0-5 

February 11 

8 58 


29 

E 

11 

12 

8 31 

8 43 

73-5 

83-5 


W 

Slight 

(>5 

12 

12 

8 .35 

9 n 

66-5 

1 


E 

W 

Slight 

12 

8 53 

11 45 

16 


w 


13 

60-5 


w 

Slight 

14 

9 9 

44 


E 

DO 

0-5 

14 

9 15 


30 

E 

14 

. 8 57 

52 

9 

W 

0-5 

14 

8 44 


w 

Sligdit 

14 

8 38 

73 


w 

16 

8 #50 

S3 





16 

16 

8 45 

9 1: 

72 

l(h5 

E 

W 

0-5 

Slight 

16 

16 

8 59 

31 


W 

Slight 

8 55 

64*5 


w 


13 

8 ;)5 

7 


E 


18 

8 50 


17 

W 


22 

22 

8 35 

8 32 

12-5 

15 

E 

E 

Slight 

22 

25 

8 30 


41 -b 

E 

Do. 

8 51 


81-5 

E 

Do. 

25 

8 41 


38 

W 

25 

27 

8 36 

9 6 

27 

64 


W 

E 

Slight 

27 

8 4.5 


3 

16 

E 

Slight 

27 

8 43 


E 

Do. 

27 

8 5-1. 


23 

W 

27 

8 55 


13'5 

W 

0-5 

28 

9 0 


16 

w 

E 

March 1 

9 14 


12 

1 

1 

. 1 

9 17 


18*5 

E 

1 

9 0 


23 

W 


2 

8 52 


20 

E 

1 

2 

9 3 


20 

E 


3 

9 1 

49-5 


W 


4 

8 40 

41-5 


E 


4 

8 41 

30 


E 

0-5 

5 

() 

8 53 

8 48 

22 

28 


E 

W 

0-5 

9 

8 50 

20 


E 

Slight 

10 

9 5 

81'5 


E 

Do. 

10 

8 48 


3 

E 

0-5 

10 

8 46 


20 

E 

Slight 

10 

9 0 


54-5 

W 

OT) 

11 

8 50 

27-5 


W 

0-5 

12 

13 

9 2 

8 51 

13 

11 

E 

E 

Slight 

13 

8 49 


15*5 

E 

0-5 

15 

8 53 


19-5 

W 


15 

8 48 

8 46 

15 

11 

w 

Slight 

15 


w 

16 

9 0 


28 

E 

1-5 

17 

8 34 


30 

W 



Bisplacement, 


Violet. 

A 


Slight 


Slight 


Both ways. 


Remarks. 


Slight 

Do. 


At top. 

No prominence. 


At top. 


At top. 
Do. 


C displaced 0'5 A both ways at 
— 13 .5 W est near base. Higher up, 
C was displaced to red by (iiiferent 
iimouuts— -maximum being 6 A at 9^ 
4'". Displacement ()*5 A both ways 
at base and 0*5 A to violet higher 
up at 10>' 20'". At 4'>> there was 
a faint patch of light at more thsui 
7 A. A similar patch— probably a 
ghost-— was seen on the other side 
also. At — 1 9° W est C was displaced 
at several points to rod, the greatest 
amount being 3 A at D’l lb™. 


Slight 

()-5 

0-5 

Slight 


At several places. 
At top. 


Slight 

Slight 


05 

Slight 

2 

05 


At top. 


At base. 

Over jets. 

Not seen at 25"'. 


1-5 

Slight 

1 


Slight 


At base, 

At top. 

Near base. 

At top. 

At top. Not seen at 9>* 2“, 
At base. 

Do. 


Slight 

05 

Slight 


At top. Prominence and displace- 
ment disappeared at O' 15™. 

At top. 


Slight 


At top . 
Do. 


At top. 
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I Latitude. 



Displacement. 


Date. 

Hour 







Remarks. 

I.S.T. 


J 




j 




North 

.South 


Red, 

Violet. 

Both ways, 


1917-. 

FI. 

M. 

0 

o 


O 

A 

A 

O 

A 


March 18 

9 

40 

125 


W 


Slight 



18 

9 

33 

83 


W 


(55 



19 

8 

53 

13 

27 


B 


1 


At top. 

20 

8 

59 


E 

Slight 



20 

9 

4 

25-5 


E 

Uf> 



At base. 

20' 

8 

55 

7-5 


W 

Slight 



20 

8 

9 

49 

OY 

70 


W 

Do. 



At top. 

23 1 

to 

9 

9 

G 5 

30 

16'5 


E 

1*5 

2-5 


At different places. 

24 

39-5 

30 

E 

Slight 

Slight 


To red at top, to vdolet at base. 

27 

8 

35 


E 

Do. 


At top. 

27 

8 

8 

32 

48 


68 

E 

W 

Slight 




27 


23 


Slight 


29 

8 

59 

10 

s 

E 

Slight 



At base. 

29 

29 

9 

8 

0 

6 


E 

Slight 



43 

58-5 


W 


Do 



29 

8 

8 

40 

80-5 

' 

W 

Slight 




30 

45 

21 


E 

0-5 



30 

8 

48 


26 

E 

Slight 



30 

8 

40 


30 

W 

Slight 


At base. 

April 4 

8 

50 

68 


W 

Slight 




4 

8 

48 

83 


w 

Do. 




7 

8 

28 

27 


E 


Slight 


At base. 

8 

8 

16 


76-5 

E 

Slight 



8 

8 

15 


82 

W 

Do. 




9 

8 

39 

15 


W 

0-5 




10 

8 

59 

16 


E 

Slight 




10 

8 

59 

13 


E 

0 5 




10 

8 

59 

11 


E 


1 



12 

12 

8 

8 

39 

39 


10 

13-5 

B 

B 



Slight 

D(), 


12 

8 

47 


83-5 

E 

Slight 


No prominence. 

12 

8 

25 


22 , 

W 

Do. 



13 

8 

40 

7 


B 

0-5 




13 

15 

16 

8 

9 

8 

51 

47 

57 

25-5 

26 

13 

E 

E 

E 

Slight 

0-5 to 2 

Slight 

Over the whole prominence except 










near base, amount varying from. 

16 

18 

8 

8 

48 

28 

83-5 

28 






0-5 A to 2 A. 


W 

E 

Slight 

Slight 

Slight 

To red at top, to violet at base. 

19 

8 

8 

42 

26 '5 


E 

Do. 


At base. 

20 

33 

26 


E 


0-5 


Do. 

20 

8 

41 

18 


W 

Slight 



21 

8 

14 

31 


E 

• Slight 



23 

23 

23 

8 

8 

8 

45 

33 

33 

10 

15 

11 

E 

W 

W 


Slight 

0-5 

Slight 

No prominenoe. 

24 

8 

32 

18 

42 

11 


w 


0-5 


At base. 

25 

25 

8 

8 

83-6 

14 

E 

E 

Slight 

Do, 



No prominence. 

25 

8 

29 


30 

W 

Do. 




25 

8 

24 

38-5 


w 

0-5 



At top. 

No prominence. 

Do 

26 

25, 

8 

8 

21 

19 

62-5 

80 


w 

w 

Slight 

Do. 



25 

8 

19 

83-5 


w 

Do. 



Do. 

26 

8 

40 


27 

E 

1 



26 ■ 

8 

12 


77 

E 


0-5 



26 

9 

0 


25 

w 


1*5 



' 28 

9 

45 


60-5 

E 


Slight 



May 2 

9 

3 


81 

W 


1 



4 

9 

5 

22-5 


w 


3 


5 

9 

25 

26-5. 


E 


4 


5 

■ 5 

9 

9 

35 

14 

33 

71 

E 

W 


2 

Slight 


On the floating mass. 

7' 

9 

5 

23 


E 

Slight 
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Date. 


1917. 


Jtfay 


■ J une 


8 

9 

9 

10 

11 

11 

12 

13 

15 

15 

1(5 

19 

19 

19 

20 
20 
22 
24 
24 
27 

27 

28 

2 

2 

3 

8 

9 

11 

11 

13 

K) 

21 

22 

22 

22 

24 

29 

30 
30 
30 
30 


Latitude. 


Hour 
1.8. T. 


JI. M. 

8 45 
8 50 
8 37 
8 5 

8 48 

8 42 

9 5 

8 37 

9 10 
8 48 
8 47 
8 47 
8 43 
8 42 
8 44 
8 40 
8 35 
8 5 : 

8 59 

9 31 

9 30 
9 5 

8 40 
8 3(! 

8 59 
11 50 
15 35 
10 2 
10 10 

9 8 
8 50 
8 40 
8 58 
8 53 
8 43 

8 48 

9 0 
8 10 
8 19 
8 23 
8 (! 


JsTorth. South, 


20 

16-5 

10 

18 

37 

39 


47'5 

51 

23 


10 

1 

7 

10 

27-5 

17-5 

20 

0 

39 


22-5 

32-5 

22 
75 
03 -5 


24 

31 


15 

74 


40 

25 


15 


50 


20 

35 


17 


15 

5 

15 

08 

0 


Limb. 


W 

W 

W 

W 

W 

W 

E 

E 

E 

W 

w 

w 

w 

w 

E 

E 

E 

E 

E 

W 

W 

E 

E 

E 

W 

E 

E 

E 

E 

W 

E 

E 

W 

w 

w 

E 

w 

E 

'E 

w 


Displacement, 


Red. 


1 

Slight 

Do. 

Slight 

Do. 

Do. 

4 

Slight 

1 


Slight 

Do. 


1 

1 

Slight 

05 

0-5 

1 


Slight 


Violet. 


Slight 

Do. 

Do. 


Slight 

2 


Slight 

1-5 

Slight 


Slight 


Slight 

Do. 

0-5 

Slight 

Slight 


Both ways. 


Remarks. 


0-5 


Slight 


Slight 

Do. 


Slight 


Slight 


Oyer the whole prominence. 
Displacements disappeared at 9'‘ 9" 

No prominence. 


Over upper half. 
At top. 

At top. 


At tlie north end of the prominence. 
Do. 

At the south end. 


At base, 

No prominence. 


Slightly changing. 

No prominence. 

At xlie south end of the prominence. 


The total nninber obyerved was 207, agaiiwt 179 in the pi^eceding half-year. There were 122 in the 
northern hemisphere ami <S4 in the southern, 1 being on the equator ; 108 or 52 per cent were on the eastern 
limb, i)() on the westcum ami 8 on the centi'al meridian. One hundred and seventeen were to the red, 79 to 
the violet and 21 both ways simultaneonsly. * • 

Between 0° and 30° there were disphieements observed in 129 prominences, between 31° and '60° in 36 
between 01° ami 90° in 42. 


limirsaU and displacements of the G line on the disc. 

Two hundred and forty-four reversals of the C line on the disc, 22 dark markings of the line, and 73 
•displacements were recorded, each of which is an increase on the previous half-year. Their distribution 
•east and west of the central meridian together with the most probable excess due to chance is given below 



East. 

West. 

Percentage 

east. 

Most probable 
excess. 

Reversals of 0 near spots 

... '126 

118 

51-6 

± 2-2% 

Darkenings of Ds ... ... 

13 

9 

591 

± 71-% 

Displacements of C 

39 

34 

531 

± 4'7% 



Millionths of the sun’3 Visible hemisphere 
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There was a large preponderance of displacements towards the red, 46 being to the red, 20 to the violet' 
and 7 both ways simnltaneonsly. 

PrommenctiH projected on the disc as absorption markings. 

The grating spectrolieliograph for photographing the absorption markings in H« light was in regular use 
during the half-year. Photographs were obtained on 138 days counted as 125 effective days. The mean 
daily areas in millionths of the sun’s visible hemisphere, corrected for foreshortening and the mean daily 


numbers are given below : — 


Areas. 

Numbers 

North ... ... 

, ... ... 

1556 

1014 

South 


1131 

8-22 


Total . . 

2687 

18-36 


Compared with the previous half-year there is an increase of 55‘6 per cent in areas and of 42'9 per cent in' 
numbers. This inc]:*ease is evident in the region from 0° to 50° both north and south of the equator, whilst 
the activity in the xiolar regions has entii’ely disappeared in the northern hemisphere, but remained unchanged 
in the southern. 

The distribution of the absorption markings in latitude is shown in the accompanying diagram ; the only 
remarkable feature is the disappearance of the usually marked activity round the north pole although evident 
ill prominences. 
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The^ distribution relative to tbe central meridian of the snn shoWs the usual excess on the eastern side, 
there being 52-9 per cent of areas in the eastern and 53’4 per cent of numbers. The most probable excess due 
to chance is 070 per cent on either side, whilst the chances of excesses of 2'9 per cent and of 3-4 per cent on 
'either side are respectively 48 times and 206 times less likely than equality on both sides. 


Kodaikanal Observatory, 
‘drd August 1917. 


T. ROYDS, 
Assistant Director, 
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BULLETIN No, LVIII. 


SUMMAEY OF PEOMmENCE OESBEYATIONS FOE THE SECOND 

liALF OF THE YEAE 1917. 

The distribution of the i)rominences photographed at ICodaikanal during the half-year ending December 
.11, 11)17, is represented in the accompanying diagram. The full line giyes the mean daily areas and the 
broken line the mean daily numbers for each zone of 5 ° of latitude. The ordinates represent tenths of a 
S(iuare minute of arc for the full line and numbers for the broken line. The means are corrected for 
incomplete or imperfect photographs, the total of 157 days being reduced to 129 effective days. 

Mean areas and mean numbers op prominenoes. 

July 1 to December 31, 1917. 

Mean areas — full lino 
Moan numbers — broken line. 

/\ 


north. 
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The diagram indicates three principal zones of activity, a well defined zone exactly coinciding with the 
equator, a mid-latitude zone with maxima, between, .30° and -.40°, and a high latitude zone with maxima 
between + 70° and 80°. ^ This distribution is very similar to that recorded for the first half of the year, 
excespting that the high latitude zones have advanced in latitude to the near neighbourhood of the poles. The 
northern zone is shown to be 5 ahead of the southern in this movement and its position is practically that 
■\yhich is associated with sunspot maximum. . . . 

The mean daily areas and daily numbers corrected for imperfect records are given below : 

Mean daily areas 
(square minutes). 

2-83 . 


Mean daily 
numbers. 


North 

South 


212 


10-28 

9-70 


Total 


4'95 


19-98 ■ 


Phe mean total aiea is less than that recorded for the previous half-year by about 8 per cent, although 
the mean nupiber has slightly increased. 

The northern hemisphere has^ continued more active than the southern. 

1 he monthly, quarterly, and half-yearly frequencies, and the mean height and extent of prominences are 
given in the following table. The frequencies are'derived from the number of effective days. 


Table' L— Abstract for the second hal.f of 1917. 



Number of days of 


. 

■*' 




obsarvatiotis 





Mouili. 



Number of 

Mean daily 

Mean 

Mean 




prominences. 

frequency. 

height. 

extent. 


Total. 



.Effective. 





1917. 





It 

D 

duly 

AugUHt 

28 

90 

20 

22 

855 

440 

17-8 

20'0 

84-5 

im) 

4.1 il 

September ... 

25 

20 

891 

19‘0 



October 

24 

2l 

468 

90 • a 



November 


19 

403 

2P2 

iXQ 4 


December 

28 

27 

520 

• 19-8 . 

■ .88 2- 

irbi 

■.T94 

Third quarter 

88 

02 

1180 

19‘1 

364 

8-65 

Fourth quarter 

^ 74 ' 

07 ' 

1891 ■ 

20-8 

88-5 

8-51 

Second half-year 

, 157 

129 

2577 

20-0 

87-5 

8-58' 


The means differ but little from those found for the first half of the year, but the mean height and mean 
extent of the prominences have slightly diminished. 


■Distrihution east and ivest of the sun's axis. 


Both areas and numbers show an excess on the west limb as is seen in the table below 



1917 July to December. | 

East. 

West. 

Percentage east. 


Number observed ... 

1258 

1319 

48-82 


Total areas in square minutes ... 

3070 

3310 

48-12 



. . MefaT'Mc prominences. < r , , 

The Idllowing- metallic pt-ominences were recorded ill the half-year ' r :■ r , 

-List of Metallic Prominences observed at Kodaikanal, July to December 1917. 


Table II. 


Date. 


1917. 

July 

September 

October 

November 


December 


t) 

16 

17 
9, 

24 

b 

28 

80 

2 

5 

18 

19 

24 

25 

26 
27 
27 

29 

81 


Hour 

I.S.T. 


8 

8 

9 

8 

8 

8 

8 

8 

8 

8 

8 

15 

8 

8 

8 

8 

9 

9 

9 


M. 

85 

47 

10 

45 

81 

45 

50 

57 
28 

24 

45 

49 

56 

58 

58 

55 

8 

4 

4 


Base. 


17 


18 

16 

15 

8 


Latitude. 


North. ' South 


20-5 

89, 

18 


16 

17-5 


Equator. 


24 

28 

28 

81*5 
1 -5 
4 

12'5 

14-5 

24-5 

18-5 


9 

21 

14*5 


Limb. 


Height. 


W 

w 

E 

:W 

W 

W 

W 

W 

w 

w 

w 

w 

E 

W 

w 

E. 

W 

w 

w 


50 
40 
125 
120 
40 
25 ' 
140 , 
10 
80 

I 

40 

85 ‘ 

80 

120 

75 

55 

80 

100 

100 

90 


Lines. 


Di, I>2, bi, bj, ba, 5316-8, 6677. 

Di, Da, bj, ba, bg, b*, 5816-8. 

Di, Da, b.i, ba, bg, b,i, 6677. 

Dj, Da, bi, bg. I 

Di, pa, bi, bg, bg, 1)4, 5816-8, 6(577, the last line 

i 

L'l* wj, ba, bg, bi. 

Di, Pa, hi, ba, bg, b,„ 5816-8. , 

Di, Da, bi, ba, bg, b^, 5816-8, ()()77. 

ba, bg, 1)4, 4924-1, 5016, 

'5 

582()-2, 5828-1, 5868-(), 5897-8, 5404-4, 5405-9 
5425-4, 5429-9, 5447-1, 5585-1. 

Pi, Da, bi, bg, bg, ba,. 

■'^284-8, 5276-2, 

5284*2, 581()-8, 5868-0, Di, Da, 6()77. 

Di, Da, bi, ba, bg, b.„ 6677. 

Di, Da, bi, ba, bg, b,|, 5816-8. 

Ih, 5197-7, 5284-8, 5816-8, Dx, 
JJa, t)()77. ' 

Dx, Ds, bi, l)a, bg, bi, 6677, 

Di,Ds, bi, ba, bg, b.,, 5816-8, ,6(577. 

t!’’ 

, 527l)-2, 5816-8, Di, . Da,. ()677., 

f n’ ^^76-2, 5284-2, 

• 581t)-8, Di, Da, ()()77„7()(i5. f 

'o, b^, ba,'b.„ 5197-7, 5234-8, 
f>-*('8-0, 5585-06, Dx, .Dg, 


The nineteen metallic prominences recorded were distributed in latitude as shown l)elnw 


— 

Numlxor. 

Mean latitudt!, 

Extromo 

latitudes. 




0 

0 0 


North 

18 

19-6 

89, 1-5 


South 

5 

15-6 

21, 9 


Equator . ... ... ... ... 

1 

■■ ' ■' 

... 



The nimiber recorded, is sinall considering the general activity of the sun, but this is partly explained 
by the unfavourable observing conditions. , It may be noted that more thanjialf the total nximber were 
observed in the month of December which was also a imignetically active month, a “ great ” storm being 
recorded by the Observatory magnetographs 'from the Kith to the '24t;li inclusive" and “moderate” storms 
yvere recorded on six days. 


Displacements of the hydrogen lines. 

Particulars of the displacements observed in the prominences or chromosphere are given in Table III. 


Table III— Displacements op the hydrogen lines. 


Date. 


j Latitude. 



Displacement. 

— - — — - — — — — , 

LS.T- 



Limb. 




Ilemarks. 


North, 

South. 

Ked. 

j Violet. 

Both ways. 



1 1 

1917. , 

J uly 1 

ir. M. 

8 lO 

- 

0 

.23' 

'E 

A 

A 

1 

A 


2 

10 12 

9 


W 

1 


, 

4 

5 

9 44 

9 12 

9 16 

10 10 

76 

0-6 

80-5 

9'5 

w 

E 

E 

W 

Slight 

0-5 

Slight 

Slight 

No prominence. ; 

6 

8 56 

8 35 

8 37. 

29 

20 

17 


E 

W 

W 

0-5 

1 

3 

3 


Over whole prominence except near 
base. 

Metallic. 

8 

16 

8 49 

9 7 

9 7 


24 

80 

83-5 

E 

E 

E 

Slight 

Do. 

1 


' On upper part. 

No prominence. ! 

Do. 

Over long cloudlet at top. 

At base. 

18 
, 19 

8 57 

8 45 

8 40 

6-5 

30 

68-5 

W 

E 

E 

0-5 

Slight 

Do. 



20 

9 33 

9 43 

64-5 


E 

0-5 




8 


E 


0-5 


24 

9 45 

9 58 

38 

15 

E 

E 


Slight 

0-5 


Over the whole prominence. 

August 1 

9 7 

26 


E 


1 


, 

2 

9 16 

8 35, 
8„,5& 

6 

10 . 

74 

E 

W 

W 

0-5 

2 

Slight 


At top at north end . 

At north end. 

3 

8 55 

8 44 

30 

16 

E 

W 

Slight 

0-5 



At top. 

5 

9 4 

8 48 

7 

17 


E 

W 

Slight 

0-5 




6 

8 40 


17 

E 

E 

2'5 




8 

9 4 


19 



9 


9 

10 

8 35 

9 15 


bi- 

ll 

E 

E 

Slight 

2 

1 


Displacement towards violet at base 









and towards red over the rest of the 


9 17 


11 

E 

3 



prominence- 

10 

19 

8 55 

8 47 

14 

64-5 

W 

w 


Slight 

1 



21 

26 

8 50 

8 47 

12 

16'5 


w 

w 

2 

4 

Slight 



9 48 


•20 

w 

Slight 




8 49 

58*5 


w 

Slight 



28 

11 8 

Oi ’ 0 

30 . , 


w 

E 


1 


At base. 


11 5 


3 

E 

1-5 

U u 

0-5 



29 

10 56 

9 36 

28 

16 

W 

E 

Slight 

0-5 




9 40 


8-5 

E 

E 

E 


2 

1 

bo violet at south end; both ways 
over southern half of the pr-'o- 
minence. 

30 

VI DO' 

9 50 


35 '5 

3 

3 

Slight 


31 

9 50 

3 to 

3 

E 

2 




9 40 

9 46 

54-5 

20 

E 

W 

2 

Slight 

1 


Red and violet at different places. 

Beptember 8 

9 

11 

12 ' 
14 

9 25 

9 10 

8 31 

9 2 

8 47 

8 55 

9 51 

75 

10 

62 

24 

21 

8 

3 

E 

W 

W 

W 

W 

E 

E 

Slight 

Slight 

0-5 

, Slight 
■ 0-5 

Slight 

0-5 


At top. 

At top. 

No prominence. 

Do. 

At top. Not seen at Oh 56“’. 
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Date. 

Hour 

I.S.T. 

Latitude. 


Displacement. 


North 

L. South 

1. 

Red. 

Violet. 

1 

Both ways, 

" •• • ■ . 1 Reitiarks. . ■ 



1917. 

•September 14 

n. M. 

9 53 

0 

0 

(13 < 

E 

A 

i A 

0*5 

A 


-v.md-hmed. 

9 20 


19 ' 

w 

05 




9 10 

9 14 

8 38 

31 


W 


1 



1C) 

30 

13 

W 

E 

Slight 

Do. 


At top. 

17 

9 10 

9 10 

12 

18 


E 


Slight 








1 

(rhosts at a distance of 0 A on both 


9 11 

15 

23 


E 

()'5 


* 

sides of “ C.’’ 


8 52 


W 

Slight 




19 

9 0 

9 5 

71 

09 

W 

E 

0'5 

Slight 


At base. 


9 2 


70-5 

W 

Slight 

Do. 

Slight 


At base. 

22 

•T 

8 45 

11 19 


18 

10 

E 

E 


At top. 

28 


15 

W 

2 

2 


Red arid violet displacements at 

October 2 

14 10 


3 

w 

Slight 



different placesi 

a 

14 3 

8 52 

8 59 

8 38 

14, 

33 

8 


w 

E 

Slight 

Slight ■ 


At base. 

0 

(> 

83-5 

E 

E 

W 

Slight 

Slight 



7 

H 

8 39 

9 4 

9 8 


() 

Slight 




25 

12 

w 

w 

0- 5 

1- 5 


At top. 

Do. 

i) 

9 10 

9 3 

1 

28-5 


w 

E 

1-0 . .. 

0-5 


Do. 


9 5 

9 8 

9 11 

8 45 

8 42 

8 27 

4 


E 

1'5 


At base. 

10 

23-5 

13 

41'5 

10 

1'5 

E 

E 

W 

W 

E 

1 

0-5 

Slight 

05 

Slight 

Do. 


No promiuenco. 

Red and violet displacemonts at 
chlforont places. 


8 39 


24 

W 


0-5 



13 

15 

10 1 

8 2i) 

9 41 

9 49 

30 

54-5 


li) 

E 

5 

Slight 


At top. 



14 

E 

E 

0- 5 

1- 5 

Of) 

0*5 


To red at base : to violet at top. 


<) 7 


17 

W 

1 



K) 

9 0 


25 

E 

W 

E 

W 


{)'5 


Over streaks. 

23 

24 

8 45 

8 42 

8 27 

12-5 

77 

24'5 

Slight. 

Slight 

Slight 

Over streaks. 

2() 

29 

10 50 

82-5 

23 


W 

Slight 



9 8 


E 

Do. 





9 9 

9 9 

9 12 

17 

n 


E 

E 

E 

0*5 

Slight 


At base. 


18 

()'5 

Slight 




8 48 ' 


W 

1-5 




31 

8 41 

8 34 


0-5 

E 

Slight 



At base; 



47-5 

E 

W 

Do. 




8 51 


83 

0-5 

Slight 


To red at top : to violet at base. 

November' 1 

8 53 


12 

E . 



1 

0. 5 A both ways at several places and 

1 A both ways at one place. 


8 30 


28 

W 

1 



4 

5 

9 5 

8 52 

8 50 

Ecjut 

19 

itor 

21 f) 

W 

E 

E 

05 

Slight 


At the top of a jet. 

7 

9 

10 

- 11 18 

9 40 

8 50 

41 , 

18-6 

04 

W 

E 

W 

0*5 

05 

1 


At top. 

Do. . 

Do. 

15 

8 40 

14 


E 


S%ht 



8 40 

9 


E 


Do. 



It) 

8 52 


11 

W 


1 



8 . 37 

8 47 

35-5 


W 


Slight 



19 

12 , 


w 

0-5 



22 

8 43 

. 

58 

. 

w 



Slight 
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Date. 


1917. 

November 22 
— continued. 


23 
’ 30 

December 1 

3 

4 


10 

12 

16- 

18 

19 

20 


21 

24 

25 


2(1 


27 

28 
29 


30 
'30 

31 
31 


Hour 

' Latitude! 


'Displacement. 


; , 

Limb.- 




I.S.T. 

North. 

South. 

Red. 

Violet. , 

Both ways. 


H. M. 

0 

0 


A 

A 

A 

8 35 

15 


W 

0-5 



8 35 

8 


w 

, ()'5 



8 36 

Equator ’ 

w 

1 



9 10 

75 

'58 ' 

w 


Slight 


8 30 


E' 

Slight 


8 27 


80-5 

w 

0-5 



8 43 


18-6 

E 

Slight 



8 56 

.17-5 . 


w. 

1 



8 57 

21 


w 

0'6 


, 

■■8 40 


89 


Slight 



8 55 

21 


w 

1 



8 28 

23 


w 

2 



8 54 


28 

w 

Slight 

Slight 


8 55 


5-5 

w 


8 23 

S3 


E 

Do. 



9 16 


48 

E 

Do. 



8 45 

8 50 

12 

26 ' 

E 

E 


Slight 

1-5 


9 30 


17-5 

W 

1 

1 1 


8 22 

9 16 

39-5 

62-5 


w 

w 

1 

Slight 

r * ■ ' ' 

Slight 


9 12 

9 14 

20' 

2 


E 

E 

Slight 

Do 


9 35 

10 55 


19 

E 

Slight 


12 

18 

t ;■ 

E,,: 

Do. 

f.. . 

i Sj.F)’' 

= i ■ , 

10 55 

8 38 


26 

E 

'Slight ‘6 

S*l '^1 . 1 ■ ■ 

" 4 '' 

8 45 

1'5 


W 


1 

15 45 


19 

W 

1'5 


15 49 

4'5 


w 

1 



9 19 

9 24 

9 24 

36'5 

12 

E 

E 


Slight 
, 'Do. 



16 

8 

E 

E 

Slight 

Slight , 

8 51 

Slight 

8 56 

9 


E 


8 4(.i 


13-5 

W 

Do. 



8 55 

12-5 


W 

0-5 



8 53 

12-6 


w 



O' 5 

8 43 

31 


w 

Slight 



8 53 


21 

w 

Do. 



8 55 


53' 5 

w 

Do. 



8 49 


13 

E . 

Do. 



!) 3 

8 38 

8 55 

37-5 

14-5 

23 

W 

E 

E 

0-5 

Slight 

Slight 

Do. 


8 47 


69 

E 

Do. 



9 4 

9 4 

20 


W 

0’5 


Slight 

29 


W 


— a- 40. 


'28 

E 

Slight 



' 8;,,:35 


", "< 1 

W 

. ■ Do. 

1 


8 ’48 

9 4 

18-5 

74''5 

W 

w 



Slight 

0'5 


Remarks. 


No prominence. 


At different places. 1 A to violet also- 
at some positions. 

At top. 


1 A to_ red at southern end and 1 A 
to violet over the rest of the promi- 
nence. Prominence 7° broad. 


At top. 
At base. 


At base. 


At top. 


At top. 

To red at top, to violet at base. 

At top. 


The total number observed was 172, of which 83 were in the northern hemisphere, 5 on the equator, and 84 
in the southern hemisphere. Eighty-nine were on the eastern limb or 52 per cent of the whole. One hundred 
and four displacements were towards red, 69 towards violet, and 14 both ways .^imhltiineously. One hundred 
and eighteen displacements were observed between the equator and latitude 3()“, twenty-two from 31° to 60° 
and twenty-seven from 61° to the poles. ' 

Reverscds and displacements on the disc. , i , ' 

Two hundred and thirty-nine bright reversals of, the Ha line, 18 dark reversals of Dg and 61 displacements 
of Ha were recorded. These figures are approximately^ . the same as for the previous half-year taking”into 



Millionths of siin*a visible hemisphere. 


consideration the smaller number of effective, days in- the last half of the y^amcoinpared with the first. The 
istri iition east and west of the meridian of these phenomena was as- follows : — ■ 

East. West ■ 

Bright reversals of Ha ' ' 'll9 120 

Dark reversals of Da y Y 

Displacements of Ha ... ... ... 2 (] 35 

Of the displacements .hS were towards red, 15 towards violet and 8 both ways simultaneously. 

Pvfymmences py'qjeetad ofi the disc cis ahsorpldon- markings. 

Photographs of the sun’s disc in Ha light were obtained on 117 days counted as 107 effective days. The 
mean daily areas in millionths of the sun’s visible hemisphere corrected for foreshortening, and the mean daily 
numbers are given below ' ' 


North 

South 


Numbers, 
■ 12-8 
irs 


Both areas and numbers show a large incmase compared with, the previous half-year although tbe 
prominences at the limb show a decrease of mean area. This indicates an increase of density of the prominences, 
excepting only those in the high latitude zones of activity above latitude ()0° which have seldom given evidence 
of their presence on the disc. ■ , 

The distribution of the prominence absorption markings in latitudes is shown in the accompanying 
diagram. 

Mban abbas op Ha absorption habkingb. 

July 1 to Dbobmbbb 31, 1917 
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Tlie regions of the greatest activity here indicated are the same as shown by the prominences at the liml> 
(excepting the high latitude prominences), viz,, at the equator and between latitude 30° to 35“ north and 
35° to 40° south. 

The distribution east and west of the central meridian shows the usual excess at the eiist side the 
percentage east being 52 67 in .the case of areas and 52’76 in the case of numbers. This is, the same order of 
difference between east and west as was found for the first half of the year. If the figures for the entire year are 
added there results a total of 4725 absorption markings of which 52'81 i^er cent of areas and 53'08 i)er cent of 
nimibers were east of the meridian. The most probable excess due to chance is ()'40 per cent on either side, 
while the chances of excesses of 2 81 per cent and 3'08 per cent on either side are respectively 1700 times and 
7700 times less likely than equality on both sides. 

Kodaikanal Observatory, j. evershkd, 

2nd March 1918. Dir actor. 



[Price, 8 a?mas.] 


MADRAS: PRINTED BY THE SUPERINTENDENTi GOVERNMENT PRESS— 1018. 



^otrat^ainal 

BULLETIN No. LIX. 


SUMMAEY OF PEOMINENCE OBSEEYATIONS FOE THE FIEST 

HA^iF OF THE YBAE 1918. 


The distribution of prominences observed and photographed during the half-year ending June 30, 
1918, is represented in the accompanying diagram. The full line gives the mean daily areas and the 
broken line the mean daily numbers for each zone of 5*" of latitude. The ordinates represent tenths of a 
square minute of arc for the full line aiid numbers for the broken line. The means are corrected for 
incomplete or imperfect observations, the total of 171 days being reduced to 151 effective days. 

MeMI ARBS MfOMEANttUMBBRS OP PROMHVEmES . 



The most striking change since the previous half-year is the great increase in the south polar promi. 
lienees ; there is also a further increase of latitude of the polar prominences, which are now shown to envelop 


4 
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. ^ of xiiiiiiuiuin activity between the polar and mid-latitude prominences are shown 

)i W( (11 (),) and 7,) in tin* north and between 60° and 65° in the south. In this last zone the activity fell to 

a Mi}> ow obi). At the (Kinator prominence activity shows a marked decrease compared with the previous 
half-y(‘ar. 


I, ho moan daily areas and daily numbers corrected for imperfect records are given below 


North 

Houlb 


Mean daily areaKS 
(square minutes). 

2‘28 

27,2 


Mean daily 
numbers. 

877 

9-39 


Total 


5'00 


181() 


I his indicatoH a very slight increase over the previous half-year in areas and. a decrease of 9 per cent in 
uuinbors, but both areas and numbers are less than during the first six months in 1917. Owing to the greac 
inoroaH(^ in activity ot tbo soutli polar prominences and of the zone between 45° and 55° south, the southern 
Inmiisphoro now shows a iiroponderaiice over the northern. During the years 1916 and 1917 the northern 
lioiniHiihoro has oxctuMled the southern in prominence activity. 

The inonthly, (luartc^rly and half-yearly frequencies and the mean height and extent of prominences are 
giviqi in tlu‘ following tabh\ fidie frecjnencies are derived from the number of effective days: — 

Table I. — abstract for the first half of 1918. 



TSruml)er o 

P days of 





Mouth 

observation. 

Number of 

Mean daily 

Mean 

Mean 

Total. 

Effective. 

prominences. 

frequency. 

height. 

extent. 


191H. 





// 

0 

*) an nary 
FubniaVy 

27 

28 

25 

26 

522 

540 

20*9 

' 20'8 

41-3 

3h5 

4-31 

B'OO 

Marcdi 

April 

31 

30 

30 

27 

606 

504 

16'9 

187 

3'4-l 

.32-4 

4'50 

3-83 

May 

27 

19 

288 

15-2 

35' 1 

3'53 

.Juno 

28 

24 

414 

17-3 

31' 5 

3-51 

First qufu'ter 

H(l 

81 

1568 

19-4 

35 6 

4'13 

Second (piartor 

85 

70 

1206 

17-2 

32-7 ‘ 

3-(i5 

Fii'Hl. hair"yoa,r 

171 

151 

2774 

18*4 

34'3 

3-92 


The mean Iieighi. of a proinineuct' and the mean number of prominences have diminished. The mean 
extent, has very slightly Inciq'ased. 

' DiMr iMiPion east and west of the sun's axis. 

An ext*(‘SH of both areas and numl)ers had been noticed on the west limb in the second half of 1917. It 
(‘ontinnrd and was groatc'r in amount in the first half of 1918. The figures are given in the following 
table : ■ 


m 

1918 January to .Tune. 

East, 

West. 


Number observed 

1323 

1437 


Total areas in square minutes 

.358-0 

■ 

397-8 


Percentage east. 


47-93 

47-3t) 


'hero is no marked diff'erence in the mean brightness of an eastern or western prominence 
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Metallic prominences. 

The following metallic prominences were recorded in the half-year 


Date. 

Hour 

I.S.T. 

Base. 

Lat 

North. 

itude. 

South, 

Limb. 

Height, 

1918. 


. H. 

M. 

O 

0 

0 


// 

J anuai-y 

1 

8 

25 

1 

19-5 


W 

35 


■5 

8 

42 

2 

5 


W 

15 




•!-«) 



11 

W 

no 


14 

28 

28 

9 

9 

8 

2 

18 

58 

2 

18 

17 

32 

E 

E 

W 

40 

15 

50 


31 

S) 

35 

3 

27-5 


W 

30 

February 

1 

8 

36 


12 


E 

19 


10 

8 

27 


13-5 

E 

35 


1 1 

8 

42 

4 

2 


E 

20 


21 

8 

48 

10 

12 


E 

35 


26 

8 

44 



21 

W 

30 


2() 

8 

37 

2 

39-5 


w 

10 

March 

<1 

9 

8 

00 

2 

25 


E 

25 


IS) 

37 

10 

21 


W 

50 


21 

8 

27 

20 


W 

65 


oU 

8 

30 

7 

14-5 


E . 

70 


<).L 

8 

32 

6 


16 

E 

125 

April 

4 

8 

42 

4 

20 


E 

(50 


7 

8 

38 



21 

W 

15 

. 

8 

8 

37 

4 

3 


E 

10 


i) 

10 

8 

8 

29 

42 

1 

22 

18 

E 

E 

45 

20 


17 

8 

33 



19 

W 

10 


21 

8 

16 

1 


24 

E 

20 



8 

28 

2 


19 

W 

10 


24 

8 

46 

5 


13-5 

E 

40 

May 

2 

8 

48 

16 

15 


E 

80 


5 

8 

26 

1 


18 

B 

25 


5 

8 

34 

2 


24 

W 

15 


b 

11 

9 

25 



17 

E 


8 

,36 

1 


25-5 

E 

, 


3U 

9 

8 

18-5 


E 

16 

June 

10 

11 

8 

10 

45 

15 

5 

23-5 

26 


W 

W 

20 

25 


June 1918: 


Lines. 


b,, 5197'7, 6234-8, , 
8284 . 2 , 

andV(i(56Xhd^^^^ 6677 

Di, JJg, bi, ba, bg, hi, 53!()-8, 4924-1, 

■Di, Da, bi, 1)2, ba, b,„ 5316-8, 6077. 

’6^’^6-2, 5316-8, Dx, D^, 
(i()77. All very bright. ’ 

5197-7,5208-7, 5234-8,, 
7065. All very bright. ' 

Dj, Da, bi, bg, bg, bj. 

lli- Da, 6677, 7065. 

5197-7,5234-8, 
n’ ')-8. 5363-0, 5397-3, 5535-06" 

JDii Dfi, ()()77, 7()()5, 

4924'1, 5016, 5018-6, bi, bo bw h 5197*7 

d'^' d’ 5535-06: 

J-'ii J-/2, A)(),5. 

Di, Dj, bi, ba. 

Da, Da, bj, bg, bg. 

Da, Da, ba, ba, bs, b^. 

Dflj *^n l^s* 

6677, D^, D.i, .531()-8, ba, ba, ba, b*, 5016'. 

Da, Da, ba, ba, bg, b,t, 5.316-8. 

Da, Da, ba, bg, bg, b^, 5316-8. 

■Da, Da, ba, bg, log, bi, 6677, 7065, 4924*1, 5016, 
53 It) -8 

5014), hi, 1)2, bg, 1)4, 5234-8, ,5276-2, 531 6'8, 5363*0, 
Da, Da, 6677, 706,5. < ^ v. 

Da, Da, ba, bg, bg, b.|, 

1^^.5616-8, Da, 

J-'2! 7(J()r). 

4624‘1^5()1(; ,5018-6, ba, bg, bg, 1)4, 5197-7. 5316-8, 
Da, Da, 6677. 

Da, Dg, ba, bg, bg, bi, 5316-8, 6677, 7065. 

492f], .5016, 5018-6, ba. bg, b,,, b,„ 5316-8, Da„Do, 
6677,7065. ’ 

Da, Dg, ba, bg, bg, 1)4. 

4922*4 4924 1, 5016, 5018-6, ba, bg, bg, 1)4, 5197-7,. 
Si 5‘^^4-2, 5316-8, 5321-2, , 5363-0,, 
5535 06, D„ Dg, 6677, 7065. 


- TTV 1 ^ I " 

Di, D?, bi, bg, bg, b.|. 
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The metallic prominences recorded above were distributed as follows : — ■ 



— 

N umber. 

Mean latitude. 

Extreme 

latitudes. 





0 

0 O 



North 

19 

181 

2, 89-6 



South 

16 

19-.8 

11, 32 

i 


Twenty were recorded in the eastern hemisphere and fifteen in the western. 


Displacements of the hydrogen lines. 

Particulars of the displacements observed in the prominences or chromosphere are given in Table III. 


Table III.— Displacements op the hydrogen lines. 


Date. 

Hour 

I.S.T. 

Latitude. 

Limb. 

Displacement. 

North. 

South, 

Red. 

Violet. 

Both ways. 

1918. 


H. 

M. 

C 



A. 

A. 

A. 

January 

1 

8 

36 


10 

W 



Slight 


1 

8 

8 

25 

19'5 


W 

Slight 



3 

26 


21-5 

E 

0*6 




3 

8 

25 


30 

E 

Slight 




3 

8 

42 

5 


W 

Slidit 



4 

9 

17 

11-5 


E 


0% 



4 

9 

2 

47 


W 

0*5 




5 

8 

47 

15 


E 

2 




5 

8 

35 


60 

E 

Slight 




5 

8 

30 


75 

W 

Do. 




6 

8 

39 

80 


E 


Slight 



6 

9 

3 

56 

57 


E 

1 

0-5 



0 

8 


47’5 

W 


Slight 



b 

6 

8 

53 


10-5 

W 


0*5 



8 

52 

10 


w 

Slight 




7 

8 

50 


40'5 

E 

Do. 




7 

9 

0 

35 


w 

0*5 



8 

8 

44 


8*6 

w 

0*5 




9 

8 

55 


8 

E 


Slight 



10 

8 

50 

60 


E 


Do. 



10 

9 

9 

1 


13-6 

E 

Slight 

Do. 



10 

7 


61-5 

E 

0*5 




12 

8 

25 

79 


E 


Slight 



12 

8 

37 

61 


E 

Slight 



r2 

8 

42 

18 


■' E 

0*5 

0-5 



12 

8 

32 

26 


W 

Slight 




14 

8 

37 


41 

E 


3 



14 

8 

3 


85-5 

W 



Slight 


17 

20 

8 

8 

68 

55 

24-5 

40 


W 

.E 

Slight 

Do. 

Slight 



20 

20 

9 

9 

0 

3 


8 

16 

E 

E 

1 

Slight 



20 

8 

45 

70-5 


W 

0*5 




22 

9 

2 

10 


: E 

0*5 




22 

9 

23 


57-5 

W 

Slight 




22 

8 

52 

19 


W 

1 




22 

8 

50 

52 


w 

Slight 




22 

8 

50 

61 


w 

Slight 



22 

8 

40 

89 


w 


d1 



28 

9 

18 


32 

E 


Slight 


28 

9 

5 


28*5 

w 

2 




28 

8 

58 

18 


w 


0*5 



28 

.30 

8 

8 

52 

25 

45 

78-5 


w 

E 

0*5 

Slight 



;30 

8 

25 

75 


E 

Slight 




.30 

8 

24 

70 


E 

Slight 



Eeraarks. 


At base. 

To red’at top ; to violet at base. 
At base. 

Do. 

At top. 


To red at top ; to violet at base. 


Over upper part. 

At different points. 

To red at base ; to violet at top. 


At base. 

Do. 

At top. 

At northern end. 


Date. 


1918. 


January- 

G071L 


February 


March 


80 

.80 

31 

31 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

4 
4 
.5 
8 
9 
9 

10 
10 ' 
10 
10 
11 
11 
11 
12 
12 
12 
12 
12 
12 
12 
13 
13 
18 
18 
•19 
19 
19 
21 
21 
22 
22 

23 

24 
2.') 

25 
25 
25 
25 
25 
28 
28 
28 

2 

2 

2 

3 

3 

3 

3 


Hour 

I.S.T. 


U. M,. 

8 41 

8 33 

9 20 
9 35 

8 45 
8 50 
8 40 
8 50 
8 52 
8 55 
8 37 
8 28 
8 27 

8 24 

9 15 
9 18 
8 .35 
8 34 
8 47 
8 50 
8 4;i 
8 50 
8 30 
8 27 
8 17 
8 18 
8 30 
8 42 
8 40 
8 22 

8 15 

9 10 

9 5 

9 0 

8 .50 
8 .50 
8 45 
8 4-3 
8 43 
8 42 
8 40 
8 .39 
8 38 
8 48 

8 27 
11 30 
14 20 

9 11 

8 3 

8 32 

8 39 

9 3 
8 44 
8 25 
8 32 
8 39 
8 52 
8 27 

8 32 
8 55 
8 44 
8 40 
8 43 
8 30 
8 28 


Latitude. 

North.jsouth. 


.57-5 

54 

27-5 

18-5 

.37 


i 

59-5 

G()'5 

84 


15 


02 

11 

83 

08 


20 

22*5 

33-5 

0‘5 


2 

80 

80 

12 

20 

19 

7 

71-5 


34 

55-5 

02-5 

28 

55‘5 

51-5 

51-5 

13'5 


Limb. 


Displacement. 


10 


25 

.32 

40-5 

.50-.5 


19 

49 

71 

13-5 

73 

■ 78-5 


19 


25 

47-5 

31 


51 -.5 


19-5 

59-5 

.52-5 

55 

22 


70 

74-6 

22 

17-5 


W 

W 

E 

W 

E 

W 

E 

E 

E 

E 

W 

W 

w 

w 

w 

w 

w 

w 

E 

E 

E 

W 

E 

E 

W 

W 

E 

E 

W 

E 

E 

E 

W 

W 

W 

W 

B 

E 

Fj 

W 

w 

w 

w 

E 

W 

E 

W 

E 

W 

W 

w 

E 

W 

w 

w 

E 

w 

w 

E 

E 

W 

E 

W 

W 

w 


Hed. 

A. 

1-5 

Slight 

Slight 

0-5 

0-5 

Slight 

0-5 


0-5 

Slight 

0-5 

Slight 


Slight 

0- 5 

3 

Slight 

1- 5 
Slight 

0- 5 
Slight 

4 

1 

1- 5 

Slight 

Do. 

0-5 

0-5 

0-5 


0-5 

1 

0-5 


Violet. 


A. 


1 

0-5 


3-5 

0-5 


Slight 

1-5 

2 

Sliglit 

05 

1 

Slight 

Slight 


Slight 

Sliglit 

Do. 

Do. 

Do. 


Slight 

2 

Slight 

0-5 


2 

Slight 


Slight 

1 

0-5 

Blight 


Slight 

1-5 


Both ways. 


A. 

1 

0-5 


RemarkB. 


0-5 


Slight 


Slight 


Slight 


Symmetrically. 


1?o rod at top ; to violot at base. 


At northern end. 


At base. 
At top. 


To red at top ; to violot at base. 
Do. 


Slight 


At top. 

At base. 

At top. 

To red at top ; to violet at base. 

At top. 

Do. 


Bate. 

Hour 

Latitude. 

Limb. 

Bisplacement. 

I.S.T. 





* 



North. 

South. 


Red. 

Violet. 

Both ways. 

1918. 

H. M. 

0 

0 


A 

A 

A 

March — eont. 4 

8 49 

83 


E 


Slight 


4 

5 

8 36 


20 

Slight 


9 28 

57-5 


E 


1 

5 

8 57 


41-5 

E 


0-5 


5 

5 

9 4 

8 40 

9 

72 

W 

W 


Slight 

Do. 


5 

8 80 

7T5 


w 

Slight 


7 

8 29 

9 24 

69 


E 

Slight 


7 

60 


E 

Slight 


7 

8 59 

17 


E 

1 

0-6 


1 ■ 

9 10 


7 

E 

Slight 


7 

9 10 


4-5 

E 


Slight 

7 

9 15 


13-6 

E 

Slight 



7 

8 55 


89-5 

W 

0-5 


7 

8 50 


19 

w 

Slight 


7 

8 45 

10 


w 


Slight 


7 

8 42 

26 


w 

Slight 

1 


7 

8 89 

50-5 


w 

1 

1 


8 

9 6 

16 


E 


1-5 


9 

8 88 

46 


E 


Slight 


9 

9 00 

25 


E 

0-5 

0-5 


9 

8 54 


7 

W 

1-5 

Slight 


9 

8 46 

75'5 


w 


Do. 

1 


10 

8 86 

25 to 


E 



10 

9 00 

M 

Equat 

or 

E 

1 



10 

9 10 

73 

E 

1 



10 

8 20 


11 

W 

1 


10 

8 20 


1 0 aud 

W 

0-5 



10 

8 20 


4 

■\JV 



1 

10 

8 49 

87'6 


w 


0-5 

12 

8 88 

8 42 

82-5 


E 

Slight. 



12 

80 


E 

0-5 



12 

12 

8 57 

8 58 

36 

29 


E 

B 

Slight 

Bo. 


12 

12 

9 6 

9 7 


57*5 

53-5 

W 

W 

Slight 

'2 



12 

8 54 


22 

W 

0-5 



14 

14 

9 2 

11 


E 

0-5 



V) 2 

8 


E 


Slight 


14 

9 19 


38 

W 


0-5 


14 

9 9 


21 

w 

0-5 

1 


14 

8 59 

45'5 


w 



16 

16 

8 14 

8 40 

81-5 

72-5 


E 

E 

0-5 

Slight 


17 

17 

8 80 

9 2 

74-5 

82’5 

E 

E 

0-5 

Slight 


17 

8 88 

12-6 


W 



0'5 

0%5 

17 

8 35 

49-5 


w 



17 

8 38 

69 


w 


0-5 


18 

19 

8 39 

8 37 

30 

9 


w 

E 

1 

Slight 


19 

8 87 

24 

15 

82 

E 

Slight 



19 

19 

8 59 

9 4 


E 

E 

Do. 

0-5 

Slight 

2 

19 

9 6 


65‘5 

W 

0-5 


19 

19 

8 40 

8 41 

8 

4 


W 

W 

0-5 

Slight 


19 

19 

8 87 

27 


W 

2 

0-5 


8 35 

45 


W 

Slight 


20 

8 31 

18 


W 

0-5 


21 

21 

8 28 

8 25 

7-5 

50-5 

W 

w 

0-5 

Slight 

1 


21 

S 27 

20 


w 

1 



21 

8 29 

81 


w 

1 



21 

9 6 


9-5 

E 

Slight 




Reinar-kK. 


At base. 

Ovei'the whole base 
At base over 4° 

Over almost the whole prominence 
(80" high). 

To red at base ; to violet al. top. 


At base. 

To red at base ; to violet ;it top, 


At base. 


At ba,se. 


At base. 
At top. 


At top. 
Bo. 
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Hour 

Latitude 



Displacement. 


Date. 



Limb. 




I.HT. 

North. 

South 

Red. 

Violet. 

Both ways. 




1918, 

H. M. 

O 

0 


A 

A 

A 


March 23 

8 52 


29-5 

W 


0-5 



25 

8 32 


47'5 

W 

1 




26 

26 

9 59 

82 


E 

Slight 




10 9 

23 


W 

2 



30 

8 30 

14-5 


E 

2 




31 

8 27 


17 

W 


Slight 



~A.pril 1 

8 27 


21 

E 

0-5 




1 

8 36 


19 

W 


Slight 



1 

8 35 

34-5 


W 

0*5 



4 

8 42 

18 


E 

1 

0-5 



6 

8 45 


8 

W 


Slight 



8 

8 37 

3 


E 

Slight 


At top. 

8 

8 42 


11 

E 

2 



Do. 

8 

8 47 


80-5 

E 

0-5 



At base. 

9 

8 30 

17 


W 


1-6 


9 

8 37 

1 


W 


3 


At top. 

10 

8 40 

66-5 


E 


Slight 


10 

8 42 

22 


E 

0*5 




11 

8 54 

40-5 


E 

Slight 




11 

11 

8 55 

8 59 

37 

26 

E 

E 

0’5 

0*5 

At top. 

12 

8 17 

18-5 


W 

Slight 



13 

8 37 

84-5 


— 

Slight 

0-5 



18 

8 44 

7 


W 



1 

13 

14 

8 43 

8 25 

20 

53 

w 

w 


0-5 

Slight 


14 

8 20 

20 


w 


0-5 


At top. 

15 

9 00 

58 


E 


0-5 


.15 

8 43 


84 

w 

1 




as 

8 40 


42-5 

w 

0-5 



15 

8 38 


17‘5 

w 


0-5 ■ 


At base. 

16 

8 25 

57-5 


E 


0-5 



16 

8 20 


66-5 

w 


1 



17 

8 46 

8 


w 

1-5 



At top. 

18 

9 24 

8 58 

Equator 

E 

W 


0-5 


18 


1 

0-5 




. 18 

8 55 

29 to 


W 

0'5 



At top. 

18 

8 55 

26 


W 


2 


At base. 

19 

7 58 

69 


E 


0-5 


19 

8 3 

8 56 


1-5 

w 


Slight 


At base. 

.20 

49 '5 


E 


0-5 



20 

.20 

8 50 

10 

42 

E 


Slight 


At top. 

8 36 


W 

2 

1 


20 

8 33 

32 


W 



1 


.21 

8 18 

26 


E 

Slight 

0-5 



.21 

8 16 


23 

E 



At top. 

.21 

8 25 

49-5 


W 


Slight 


22 

8 20 

25 


E 

3 




22 

8 21 

18 


E 

2 




22 

8 33 

10 


E 

1 




22 

8 34 

2 


E 

3 




22 

8 28 


19 

W 

1 

2 



23 

8 38 


10 

E 

0-5 




23 

24 

8 46 

715 


W 


Slight 



8 27 

29 


E 


0-5 



24 

8 33 

30 


W 

1-5 



At top. 

25 

8 45 

20-5 


E 

Slight 



.25 

8 49 

Equator 

E 

Slight 



25 

8 51 


20 

E 


0 5 


At top. 

26 

8 33 

84 


W 

Slight 

2 



26 

8 47 

10 


W 




28 

8 30 


46-5 

E 


Slight 


At top. 

'28 

8 46 

9-5 


E 

Slight 


Do; 

28 

8 53 

13-5 


W 

Slight 

, '■■■ ■ 


Remarks. 
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Date. 

Horn' 

I.S.T. 

1 Latitude. 

Limb. 


Displacement. ' 

Remarks. 

North 

South 

Red 

Violet. 

Both ways. 


1918. 

H. 

M. 

O 

O 


A 

A 

i A , 


May 

2 

8 

28 

40 


E 

0-5 





2 

2 

8 

8 

48 

40 

16 

85 

E 

E 

2 

Slight 

0‘5 


To red at base, to violet at top. 


4 

4 

12 

8 

14 

26 

13 

18 

E 

E 


Slight 

O' 5 



4 

8 

20 

23-6 

39 

E 

Slight 





6 

9 

20 


E 

dS. 



; 


B 

9 

21 

10 

6 

3 


E 

Do. 





6 

14 

9 

9 

16 

14 

W 

E 

()-5 

Slight 




14 

14 

9 

8 

8 

57 

b'b 

19 


E 

W 


1 

! Slight 



14 

8 

65 

42 


W 

Slight 



' 


15 

9 

3 


16 

E 

Do. 





15 

9 

16 

11 


W 

1-5 


! 



28 

8 

0 

71 


E 

0-5 





30 

31 

9 

9 

3 

30 

10 

13-5 

E 

W 


Slight 

1% 


i 

June 

1 

8 

42 

46 


W 



' (V6 

i 


4 

4 

9 

9 

11 

10 


32 

35 

E 

E 

0-5 

0-5 

' 1 


In different places.. ' 


4 

9 

8 

15 


86 

E 



0'5 , 



6 

43 


61 

W 


1 


1 


7 

8 

55 

61 


E 


, 1*5 




8 

8 

9 

8 

8 

8 

26 

38 

39 

65 

11 

35 

E 

VV 

E 

2 

Slight 

1 

2 


O o 

V 


10 

10 

8 

8. 

45 

40 

23-5 

65 


W 

w 

0-5 


At top, ! 


11 

10 

15 

26 


w 


1 




12 

9 

5 

5 


w 



0’5 

' 


16 

17 

8 

8 

22 

52 

9 

68 

E 

E 

0-5 

; 1 

1 


T? red at base, to violet at top. ■ 


17 

17 

8 

8 

56 

47 

Equat 

or 

51 

E 

W 

3 

1 


A.t top# 

At base. j 


18 

8 

34 


7 

E 

Slight 


1 


18 

8 

43 


74 

W 

0% 


1 

' 


18 

8 

15 

71 


w 

Slight ' 


j 



19 

8 

38 


66 

E 

Do. 

' 




27 

8 

46 


11-5 

W 

05 





28 

9 

0 


2-5 

w 

1 


1 . . 





Latitude. 

North. 

South. 

l°to 30° ... 

86 : 

59 

31 to 60 

39 ; 

32 

61 to 90 ... 

39 i 

22 


Total ... 164 : 

113 

East limb ... 

136 ■ 

West limb ... 

143 


At pole ... 

... .... 2 ! 



were in both directions in the same prominence^^We prZonde 

recent years. Prominence. The pieponderance towards red is less than the average of 

displacements of the 0 line on the disc. 

252 bright reversals of the Ha line 35 darlreniiTO'cj nf +n^ Tk t i i nr, ,. , 
were recorded. They were distributed til W - ’ '' -J-Pl— ts ot the H. line 



Bright reversals of Ha 
Dark reversals of Da 
Displacements of Ha 


iNortii. 

■ boutli* 

Iliast. 

West. Percentage 

125 

' . 


east. 

127' 

126 

12() 5()-() 

19 

16 

17 

18 48*6 

58 

39 

42 

55 43‘3 


vYct.yci oilliUlUCllltHnittiy . 

Priiminences projected on the disc as ahsorption markings. 

Photographs o( the sun’s disc in Ha, light were obtained on 144 days counted as IBS effective days The 

:rbe“l“ and the mean daily 


Areas. Numbers. 

■•■ Sl49 K-ri) 

South ....... -oor, 

- Itm 12T) 

Both <11 eas and iiuinhers have continued to increase. - ^ ^ 

The distribution of the absorption markings in latitude is shown in the accompanying diagram. 


Mu« MlAl Of Ha ABSOUPnom MARKIfilM. 

JanuaR'{ 1 TO Jun£%0 1918. 
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The curves are much less flat than in the previous half-year, "well marked ma.Tfi Tn a having developed in 
the regions + 10 to + 15 , + 35° to + 40°, and~15° to 20°. Regarding these markings as representing the 
denser prominences, it is seen that only the equatorial and mid-latitude prominences are in general dense 
enough to appeal- on the disc as absorption markings, whilst the polar prominences although so conspicuous- 
in the number and ai-ea curves for this period must be of very low density since they have not been recorded 
as dark markings in the northern polar region, and are only feebly represented in the south. 

■ Unlike prominences at the limb these markings still show an excess on east of the meridian, the 
percentage east being 52'03 in the case of areas and 51'66 in the case of numbers. The most probable excess 
due to chance is 0 56 per cent on either side. There has been a steady fall in the eastern excess since the 
second half of 1916 when the percentage east of areas was 55*8. In the case of prominences at the limb there 
has been during thiss ame interval of two years a gradual change from an eastern to a western excess. 

Kodaikanal Observatory, j. EYERSHED, 

August 1918. Director, Kodaikanal and Madras Ohservatnries. 



i^otrai^anal 

BULLETIN No- LX. 


SUMMARY OF PROMINENCE OBSERVATION FOR THE SECOND 

HALF OF THE YEAR 1918. 

The distribution of prominences observed and photographed during the half-year ending December Blst,. 
1918, is represented in the accompanying diagi*am. The full line gives the mean daily areas, and the 
broken line the mean daily numbers for each isone of 5° of latitude. The ordinates represent tenths of a 
square minute of arc for the full line and numbers for the broken line, ihe means are corrected foi 
incomplete or imperfect observations, the total of 151 days being reduced to 122 effective days. 



The outstanding feature in the prominence distribution in latitude is the sudden fall in the activity of the 
polar regions. The northern high latitude region ceased to produce prominences of any size after July, but 
the southern polar regions displayed a feeble activity up to the end of the year. This phase of the promi- 
nence cycle is a fairly definite one and seems to occur when the high latitude zones of activity, progressively 
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.advancing in latitude, finally reach and envelop the poles. The southern 52one of prominences was a little 
behind the northern in advancing towards the pole, its final dissolution therefore occurred later. The 
■disappearance of the polar prominences occurred previously in the years l(S9r5 and 1907, indicating periods of 
12 years and 11 years respectively. 

The mean daily areas and daily numbers corrected for imperfect records are given l)elow : — 



Mean daily area,s 
(square minutes). 

Mean daily 
numbers. 

North 

r24 

6’90 

South 

r99 

9-04 


Total ... 3'23 

15-94 

The fall in activity here shown when compared with 

the corresponding figures for the 

previous half year 


is mainly the result of the dissolution of the polar prominences, but there is also a general reduction in all 
latitudes of the northern hemisphere. In the south the activity has increased between latitude 25° and 40°, 
and there results a marked preponderence of the south over the north. 

Prominences generally attained a maximum development in the northern hejiiisphere early in 1917, 
whilst the southern maximum occurred during the first half of 1918. This delayed action of the south has 
■caused a reversal of the relative activity of north and south whicb took place between the years 1917 and 
1918. The mean brightness of the southern prominences in the second half of 1918 was slightly greater than 
that of the north ei'n prominences. 

The monthly, (iiiarterly an d half-yearly frequencies and the mean height and extent of the prominences 
are given in the following table. The frequencies are derived from the number of effective days 


Table I. — Abstract for the second half of 1918. 



Number of days of 





Month. 

observation. 

Number of 

Mean daily 

Mean 

Mean 

Total. . 

Eifective. 

prominence.s. 

frequencies. 

height. 

extent. 


1018. 






c 

July 

2i) 

28 

390 

17-2 

32-2 

3-42 

August 

20 

19 

270 

14*5 

35*4 

3-84 

September 

29 

24 

352 

14-7 

34-2 

3'22 

October 

29 

25 

389 

15-0 

33-9 

3'31 

November 

15 

12 

228 

19-0 
, 10-9 

273 

2*27 

December 

2,8 

19 

,321 

280 

2-39 

Third quarter 

84 

GO 

1024 

15-5 

33-8 

3*40 

Fourth quarter 

67 

50 

938 

10'8 

30-3 

2*74 

Second half-year 

1.51 

122 

1902 

lO'l 

32*1 

3'12 



The mean height and the mean extent of the i.)rominences have diminisbed compared with the first six 
months of the year. 

Distribution mM and most of tho, sun's axis. 

The distribution east and west of the sun’s axis of both prominence numbers and areas , is given in the 
following table — ' 


1918 July to December. 

East. 

West. 

Percentage east. 


Number observed 

943 

1015 

48-00 


Total areas in square minutes 

211-0 

184-2 

53-38 
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The distribution has reverted to an eastern excess in the case of the areas. 

Metallic prominences. 


The following metallic prominences were recorded in the half year : — 

Table II.— List op Metallic Prominences observed at Kodaikanal, July to December 1918. 


Date. 


1918. 

July 


August 


September 


October 


November 


December 



Hour 

I.S.T. 

Base. 

Latitude. 

Limb. 

Height. 

North. 

South, 


H. 

M. 

0 

0 

0 


» 

10 

8 

50 

5 

7-5 


W 

20 

11 

8 

5(5 

(5 

7 


E 

35 

11 

8 

3(5 

8 

14 


W 

.30 

13 

8 

34 

12 


37 

E 

100 

13 

8 

54 

7 

15-5 


W 

30 

14 

8 

49 


13 


W 

30 

18 

9 

23 

5 


17-5 

w 

(50 

28 

8 

30 

10 

11 


E 

25 

8 

9 

22 

23 

4-5 


w 

120 

24 

8 

4(5 

1 

13-5 


w 

75 

7 

8 

45 


Equator. 

E 

no 

21 

8 

30 


15 


W 

60 

10 

9 

5 

9 

27-5 


W 

55 

23 

8 

5(5 



14 

w 


13 

10 

41 

36 


19 

E 

90 

26 

12 

18 

9 

10-5 


W 

65 

8 

8 

50 



10 

w 

20 

13 

9 

36 


12 


E 

30 

13 

9 

22 



20 

W 

20 

20 

8 

40 



8 

W 

15 

24 

8 

44 



26-5 

E 

20 

26 

9 

45 


12 


W 

15 

28 

8 

.55 



' 31 

w 

50 

28 

8 

45 



10 

W' 

20 

29 

8 

35 

9 


28-5 

w 

60 

30 

9 

45 

5 


6-5 

w 

(50 


8 

35 

17 

24-5 


w 

75 

31 

8 

37 



24 

w 

30 


8 

40 

3 


8-5 

: W 

, 75 


8 

40 


4 


w 

1 


Linos. 


4924'!, 501(), .50181), bi, b,„ b,, 5197-7, ,52,84-8„ 

531(;-8, Di,D.., ()(;77. 

4924-1, 501C), bOlH-G, b,, b,., b.„ b,, 5197-7, 5231-{;, 
527()-2, 5284-2, .5.31(5-8, .53()2'0, 5535-0, D,, D„„ 
(5677 and 7065. 

D^, D.„ bj, b,„ b.,, b,, .5316-8. 

D,, D:,b,,b,.'b;,b,„. 5316-8, 

D,, D.„ .53115-8,' b,, b.„ b,„ b,, 4924-1,(5677 
sligbtly bright. 

D,, D„, .5316-8. bi,b„b.„ b„ 501(5, 6677 aud 
70 ( 55 : 

D,, D„ b,, b.„ b„, b,, .531(5-8, 4924-1, .5016, .5018-6,, 
6(577, 7065. All very bright, 

D,,D.,, b,, b„, b,, b.,; 5,31(5-8, (5(577, 70(5,5, 5016,. 
5197-7, 

D,, D^, bj, b,^, b,,, bj,, ,5316-8, (5(577. 

4924-1, 501(5, .5()18-(i, b,, b„ b.„ b„ 5197-7, 5234-8,, 
.527(5-2, 5284-2, 531(5-8, 53(53-0, 5425-4, 5527-0,, 
.5.535-06 D„ Da, (5(577, 70(55. 

D,, D.., bi, ba, ba, b.|, bright over the whole- 
iieight of the promiuenco. 

4924-1, .5018-6, b,, b.„ b,„ b.*, 5197-7,5234-8, 
5276-2, 531(5-8, D;, D„ (5(577 slightly bright. 

D,, D.,, 1),, ba, h... 

d!. Da, l)„1).„‘b,„ b„. 531(5-8, 5018-6, 4924-1,, 


(5677. 


(5(577, D,, D„, b„ b^, b,„ b;,. 

(5677, D,, t)„, b,, b.,, b,„ 531()-B, 5(.)18-()„ 

4924-1, 5197-7, .5234-8, .5284-2, 527(5-(). 

D 3 , Da, b„b,.,K,.b,, . 5316-8. 

D,, D„ slightly bright. 

Dj, Dl b„ h,a, b,,, b,j, 4924-1, ,5316‘8. Not aecii. 
at 9ii 45'". 

D„ Da, b„l).a, b„,b,, 4924-1.. 531(5-8. 

D,, Da, bj, ba, b^i b.|^. 

D;, D!,b„b.a,ba, b,,, .531(5-8. 

D,, D.„ b,, b„, b.,, b„,, .531(5-8, 

4922 - 5 : 4924-f, 5016, .5018-6, b,, ba, b,„ b„ 5197-7, 
.5234-8, .527(5-2, 5284-2, .531(5-8, 53()3-(), 5424-3,. 
.5.535-0(5, D,, D.a, 6(577, 7()6.5. 

Di, Da, b,, bjj, b,,, b,, ,531(5-H. Whole promi- 
nence seen in b,, bj, b,,, b,,, 

4922-3, 4924-1, OOKS, .5018-6, b„ ba, !)„, b.,., 5197-7,. 
5234-a, 5276-2, .5284-2, .5316-8, 5.3{53-0, D^, D.^,. 
(5(577, 7()(5,5. All lines very bright, 

4924-1, 501(5, .5018-6, b,, b.^, b^, b,,„5197;7, .523h8, 
5276-2, 5316-8, 53(S3-(), 553.5-0(5, D^, Da, ( ()77,. 
70(55. The lines bright over the whole base 
of the prominence and particularly at the 
southern end. ^ 

4924-1, .5018-(>, 5197-7, bj, b.^, b^, b„D,, Da.. 
5316-8. 

D,, Da, bi,ba,ba,b„ 5316-8, 

D;: Da, b:, ba,ba,b„ .5316-8. 
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The metallic prominence's recorded above were distributed as follows ; — 



■ — 

Number. 

Mean latitude. 

Extreme 

latitudes. 




0 

0 0 


Nol'th 

15 

12-8 

4, 27-6 


South 

14 

18-6 

6-5, 37 


Equator 

• 1 



Only seven were recorded oil the eastern limb against twenty-three on the western limb. 


Displacements of the hydrogen limes. 

Particulars of the displacements observed in the prominences or chromosphere are given in table III. 

Table III. 


Date. 


■July 


1918. 


August 



Hour 

I.S.T. 

Latitude. 


Displacement. 

Remarks. 










North. 

South. 


Red. 1 

Violet. 

Both ways. 



H. M. 

O 

0 


A. 

A.* 

A. 


2 

11 40 

13 


W 


1 Slight 



4 

7 

8 50 

8 50 


68 

62 

E 

E 

Slight 



7 

8 30 

15 


W 

0 




7 

8 26 

67-5 


W 


Slight 



8 

8 38 

77-6 


W 


1 


No prominence, 

9 

8 47 

4 


W 



Slight 

9 

8 46 

14 


w 



Do. 


9 

8 43 

35 


w 


0-5 

At base. 

9 

10 

8 25 

79 


w 

Slight 



8 36 


40 

E 

Do. 




10 

8 50 

7*5 


w 



Slight 


11 

11 

8 33 

8 56 

73 

3 

■ 

E 

E 

2 

1 1-5 

No prominence. 

11 

11 

10 20 

8 3(5 

Equ 

16 

.ator 

E 

W 

Slight 

Do. 

0'5 



11 

9 17 

12 


W 

2 

0*5 



13 

13 

8 34 

8 54 

15'5 

37 

E 

W 


Slight 

Do. 


At base. 

At top. 

Do. 

14 

8 55 

15 


E 


Do. 


15 

8 48 

10 


E 


2 


Do. 

16 

8 50 

14-5 


W 



0\5 

17 

17 

18 

8 40 

24 

12 

17-5 

E 

2*5 



Whole prominence bodily shifted to 
red of the line. 

8 30 

9 23 


E 

W 

2 

Slight 
' 1 


18 

9 6 

8 15 

40 


W 


i Slight 



21 


11 -5 

E 

Slight 



22 

25 

28 

8 34 


18'5 

E 

0-5 




9 5 

8 30 

29 

7 


E 

W 

Slight 

1-5 




30 

4 

9 17 

15 


w 


0-5 



9 1 

2 to 6 
10 

4P6 

w 


Slight 



6 

(> 

8 59 

8 59 


w 

w 

0-5 

0‘5 


At several places. 

6 

6 

8 54 

8 53 

12 

16 


w 

w 

Slight 

1 

2 



6 

8 52 

20 


w 

1-5 



6 

8 52 

25 


w 

1 

1 



6 

8 50 

41 


w 

0-5 




7 

8 48 

20 


E 

1-5 



8 

8 

9 11 

9 11 

4-6 

23*5 

23-5 

E 

E 


2 

0*5 


At top. 

At base. 

8 

12 

9 22 

8 38 ■ 

16 

W 

W 

1 


Slight 

16 

10 8 


29-5 

E 

1-5 



At base. 

21 

10 20 


3-5 

E 

Slight 


i 



361 






Latitude. 1 


Displacement. 

■ . r 






■ . » 




Remarks. 

Date. 

I.S.T. 


1 

jinib. 

I 


Both ways. 


7orth. t: 

iouth. 


Red. 

Violet. 


1918. 

August 24 

H. M. 

8 36 

8 30 

8 40 

0 

66 

0 

E 

W 

W 

A 

A 

A 

Slight 

2 

No prouiiuence. 

26 

26 

7 


Slight 



At top. 

30 

8 45 


34-5 

E 

Do. 


1 


September 2 

8 40 

8 36 

7 

19 


W 

w 

Do. 

0-5 

Slight 



4 

9 45 

16 

E 




7 

7 

8 49 

S 31 

34-5 

23 

E 

W 


Do. 

Do. 



8 

8 45 


7 

E 

Slight 




10 

8 48 

G 


W 

Do. 

Slight 



19 

21 

21 

9 22 

53-5 


W 




8 33 

8 32 


19 

12 

w 

w 

E 

Slight 

Do. 


At top. 

23 

8 37 

71-5 


Slight 


Do. 

‘Dotober 2 

3 

S 43 

9 3<) 

48 

19-5 

E 

W 

4 

Do. 

Slight 


4 

4 

9 5 

9 If) 

9 

68 

E 

E 

1 

3 

Slight 



4 

8 49 

35-6 

W 




4 

f) 

7 58 

9 5 

57 

9 


w 

w 

2 

5 

2 

Not seen at 9'‘ 14“. 

5 

f) 

9 0 

9 13 

17 


w 

1 , 



17 


w 

0-5 

2 



() 

7 

8 55 

8 54 

8 56 

57-5 

32 

w 

w 



At top. 

7 


16 

w 


0'5 



10 

9 5 

24 


w 

5 

1-5 



11 

11 

10 25 

10 25 


42 

40 

E 

E 

4 

Slight 



20 

21 

8 28 

45-5 


W 

0-5 




0 10 


20 

W 

0-5 

3 

Slight 


23 

9 5 

27 

E 




23 

8 56 


14 

W 



1 


24 

25 

8 36 

8 33 

61-5 

23 


E 

W 

Slight 

k 

1 

0'5 

To reel. 

To violet. 

26 
■ 26 
26 
26 

8 52 

9 14 

9 22 

9 9 

85 

78 

31 

34 

E 

E 

E 

W 

Slight 

0-5 

Slight 

0-5 

Blight 

Not seeu at 9)* 15’". 

Over tlio .streamer. 

27 

8 44 


27 

E 

1*5 



27 

8 29 

1 


W 

1-5 




27 

27 

8 2‘) 

8 26 

6 

27 


w 

w 

Slight 

Do. 

Slight 

Slight 

To red at top ; to violet at Ijuho. 

28 

28 

9 4 

8 54 

6 

16 


E 

W 

1 

0-5 


28 

8 54 

12 


W 




28 

8 54 

9 


W 

1 




28 

8 54 

6 


W 




28 

8 50 

31 


w 

0-5 




29 

8 56 

8-5 


w 

1 




29 

30 

8 56 

16 


w 

1 




8 43 

62'5 


E 

Slight 

1 



30 

8 44 

62-5 


B 

1 



30 

30 

8 40 

8 33 


77 

W 

Slight 



1 


W 




31 

12 0 

20 


w 

1 




riNoveruber 8 

8 

9 

9 20 

9 25 


45 

86-5 

E 


Slight 

Slight 


8 66 

22 


E 


O'o 

Slight 


9 

9 0 


16 

E 



At top. 

9 

9 1 


43*5 

E 


1 


9 

8 47 


27 

W 

0-5 


Slight 


, 9 
10 

8 40 

8 45 

67 

15 


w 

E 

2 

Slight 



202 



Hour 

I.S.T. 

Latitude. 



Displacement. 


Date. 



Limb. 




Remarks. 










Hortb. 

South. 


Red. 

Violet. 

Both ways. 


1918. 

tl. 

M. 

o 



A 

A 

A 


November 10 
10 
10 

8 

, 9 
9 

68 

0 

4 


11 

20 

01 

E 

E 

E 

3* 

1 

0-5 

0-5 

1-5 

* At top. 

T 0 red at base j to violet at top. 

10 

8 

39 

11 


W 

Slight 




13 

8 

15 


4 

E 



0 

Between 4° and 0°, the amount of dis- 
placement to violet varied from 
1 A to 6 A at lOh 30‘“. C was dis- 
placed 0 A both ways at several 

1 places 10'* 35"*. Maximum amount 
8 A to violet, very faint at lOii 
41'‘>. ‘ - 

14 

10 

6 

12 


W 

Do. 



16 

8 

58 

11 


E 


Slight 


At top. 

16 

19 

8 

12 

45 

32 

18 

15 

69 


W 

E 

Slight 


Slight 

2(.» 

20 

1 20 

12 

6 


W 

0-5 




12 

12 

35 

40 

6 

0 


w 
W 1 


3-5 

1 


Dj was also displaced 3f A. 

26 

28 

12 

IS 

10 

/in 

33-5 


w 

w 

2 

5 


Violet displacement at top only. 




4 


2 


Over upper part of prominence (140*'),. 

December b 

8 

52 

18 

14 

E 


Slight 



9 

10 

9 

28 


w 


Do. 


At base. 


3 


18 

w 


Slight 

10 

13 

9 

8 

2 

41 


12 

71 

w 

w 


Slight 

Do. 


13 

19 

9 

10 

22 

22 


20 

11 

w 

B 

Slight 

1-5 

Slight 

To violet at base ; to red at top. 

19 

9 

9 

30 

00 

86-5 

11 

W 

Slight 



20 


E 

Do. 



At base. 

20 

8 

45 

5 

72 


W 


Slight 


21 

21 

9 

9 

39 

48 

25 

B 

B 

Slight 

2 



21 

9 

34 


44 

W 


0-5 


21 

21 

9 

9 

33 

31 


32'5 

2 

-yf 

yf 

1 

Slight 


22 

8 

50 

70 


E 

B 

0*5 




22 

9 

15 

3 


1-5 




22 

10 

22 


22 

E 

0*5 




22 

8 

59 

51 


W 

1 




22 

8 

57 

81 


W 

Slight 




23 

' 9 

40 

73 


E 

0'5 




23 

9 

31 

45 


8 

E 

1 



Ghosts at about 9 A from C on both 
sides at northern end of prominence 
where ■ it was fairly l)right. Lat. 
+ 14" E. 

23 

9 

38-5 


W 

I'f) 



24 

24 ; 

25 

8 

8 

8 

52 

47 

52 

51 

Equ; 

10 

ator 

B 

E 

E 

2 

Slight 

Do. 

0-5 


No prominence. 

'To red at base ,• to violet at top. 

20 

9 

38 

87 


E 

Do. 




20 

9 

55 


08 

W 


1-5 


No prominence. 

26 

9 

46 

7 


w 


Slight 


20 

9 

45 

12 


w 


Of) 



20 

28 

9 

8 

42 

50 

79-5 

9 

45 

w 

w 

2 

0-5 


No prominence. 

At top. 

29 

8 

22 


E 


2 


Prominence extended at top to - 31"' 

29, 

8 








E. The amount of the displace- 
ment varied from f)-5 at - 45*E to 

2 A at 31" E. 

35 


33 

w 


Slight 


At top. 

29 

30 

8 

39 

20 


w 


Do. 


8 

25 

83'5 


E 


If 



30 

30 

9 

8 

42 


6*5 

w 

0 



At tops of streaks. Not seen at 9^’ 
45™. 

35 

16 


w 



Slight 

31 

8 

37 


24 

w 

0*5 


At top. 

31 

8 

40 

4 


w 



Of 
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Tlie total iinmber of displacenionts was ]i),5, of these 2 were on the equator, and the rest were distributed 
ras follows : — 


Latitude. 



North. 

South. 

1° to 90° ... 


• . • 

(5(5 

98 

o 

o 

o 

... 

• • • 

1(5 

14 

(51° to 90° ... 

... 

• ... 

21 

8 



Total 

109 

(50 

East limb . • . 



(5(5 

~ 

West limb ... 

• > • 

« « • 

98 


Pole 



1 



There were 84 displacements towards red, 72 towards violet 


and 25 l)oth ways simultaneously. 


RevarmU and dispkwmienU on the disc. 


170 bright reversals oi the IT.a line, 9 dark reversals of the line and 50 displacements of the H« 
line were recorded. They were distributed as follows 


Bright reversals of Ha 
Dark reversals of D.-s 
Displacements of Ha 


North. 

South. 

Eant. 

West. 

92 

78 

88 

■ 82 

5 

4 

(5 

9 

26 

24 

29 

27 


Ihese fif^uies and the number of displacements at the limb indicate a general reduction of solar activity 
:amo unting to about 40 per cent compared with the first 6 months of tlu' year. 

Of the 50 displacements of the Ha line 29 were towards red, 10 towards violet and 11 both ways 
■Simultaneously. 


Pro'tmnmees projected on the disc as absorption markmfjs. 

Photographs of tlie sun’s disc in He, light were obtained on 115 days counted as 98 cvffective days. The 
mean daily areas in millionths of the sun’s visible hemisphere corrected for foreshortening, and the mean daily 
numbers are giv('n bcdow : — 


North 

Bouth 


9V)tal 


Arons. 

1158 

2()75 

9293 


Numbers, 

8*7 

19-2 

21-9 


The numbers and areas show an increase in th(‘ southern hemisphere but they have diminished on the 
whole since the previous half yeai’ about 19 per cent. 


iitl^jLiien^fis oj- L«e BH»vs y(siD^« nennsphere 


The distribution of the absorption markings in latitude is shown in the accompanying diagram. 



The curve is very similar to that of the prominences at the limb showing a maximum activity in the 
zones 25° — 30° north and 30°— 35° south. 

Both areas and numbers show an excess on the eastern hemisphere, the percentage east being for areaa- 
52*94, and for numbers 53'90. The most probable excess due to chance is 0‘73 per cent on either side. 

Kodaikanal Obsbkvatory, j. eVERSHED, 

nth March 1919. Director, Kodaikanal and Madras Ohservatories.. 


P RICE, 8 annas,] 


MADRAS : PRINTED BY THE SUPERINTENDENT, GOVERNMENT PRESS— 1919. 



BULLETIN No. LXL 


SUMMAEY OF PEOMINENCE OBSEEYATIONS FOE THE FIEST 

liALF OF TELE YEAE 1919. 


The distribution of prominences observed and photographed during the half-year ending Jnne 30th, 1919, 
is represented in the following diagram, in wliich the full line gives the mean daily areas and the broken 
line the mean daily numbers for each /one of 5“ of latitude. The ordinates represent tenths of a square 
minute of arc for the full line and numbers for the broken line. The means are corrected for incomplete 
or imperfect observations, the total of 174 days being reduced to 159 effective days. 



The distribution in the southern hemisphere has been almost identically the same as during the latter 
half of 1918, the only notable change indicated being the suppression of a feeble activity near the south pole 
■which was maintained until the end of li)18. In the north there has been a transfer of activity from the /one 
25° — 35° to 35°— 4-5°, and a considerable increase between the equator and latitude 20°. 
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The mean daily areas and numbers corrected for imperfect observations are given below : 


Mean daily areas Mean daily 

(square minutes). numbers. 

North ... ... r55 5*^(3 

South ■ ... ... 3*81 (r78 

Total ... 3‘36 13T)4 


This indicates for areas a slight increase in the northern hemisphere and a decrease in the south compared 
with the previous half year. For numbers there is a general decrease amounting to 15 per cent. The excess 
of area in the south noted in 1918 has been maintained although numbers are nearly equally divided between 
north and south. The southern prominences were on the average slightly brighter than the northern. 

The monthly, cjiiarterly, and half-yearly areas and numbers, and the mean height and extent of the 
prominences are given in table I. The unit of area is 1 square minute of arc. 


Table I. — absteact for the first half of 1919. 




N umber 


I 

1 

Daily Means 





Month. 

of clays 


Numbers. 



Mean 

Mean 




(effective). 





height. 

extent. 





Areas. ^ 


Areas. 

1 Numbers. 

// 

C> 



J anuary 

21 ) 

H7-7 

467 

a-02 

16-1 

30'G 

2 ’58 

i 


February 

2H 

l)rr<s 

484 

3-46 

15-5 

281 

9*(;8 



March 

30 

HOD 

458 

3-69 

15-3 

27-8 

2 '82 



April 

21.) 

l ) 8-0 

.816 

3-77 

12-2 

32-5 

3-55 



May 

25 

84-8 

264 

3-39 

10-6 

26' 1 

3'5i) 



June 

21 

561 

230 

2-66 

ll-O 

27-9 

3-2!) 



First quarter 

87 

295-4 

1.359 

3-39 

' 15-6 ■ 

28-9 

2-68 



Second quarter 

72' 

2B8-9 

810 

3-32 

11-3 

,29-1 

3 48 


.. 

First half-year 

151) 

584-3 

2169 

3-36 

13-6 

29-0 

2-99 



This table has been modified by the inclusion of prominence areas, and the suppression of a column 
giving the total nuinber of days of observation. It is considered that the mean monthly areas will give a truer 
index of the prominence activity than the mean numbers. Although the mean areas of prominences show a 
very slight increase, there has been a general decrease in mean numliers, height, and extent on the limb 
compared with the last half of 1918. 

A pioininence remarkable for its size was photographed on May 28 and 29 extending over 40 deg'rees of 
the south-eastern limb, between latitude — 10° and — 50°, and covering an area of 12 square minutes. The 
prominence became partially separated from the limb on the 29th and the main portion ascended slowl.y and 
became dissipated in space between 16^' 33™ I.S.T. (Ib^ 03™ G.C.T.), on the 29th and 7'‘ 44™ I.S.T. (2‘^ 14™ 
G.C.T.), on the 30th. This was the final stage of an apparently stable prominence which had been 
recorded as an absorption marking early in the month, crossing the central meridian on May 9 and appeainiig 
on the western limb between latitude — 15° and — 43° on May Ki. 

Distrihiition exist and west of the sun's axis. 

The distiibution of the prominences east and west of the sun’s axis is similar to that observed in the 
previous half year, areas showing an eastern preponderance and numbers a western. The figures are given in 
the table belo w : — 


1919 January to June. 

East. 

West. 

Percentage east. 

Total nnmber observed 

1038 

1131 ■ 

47-85 . 

Total areas in square minutes 

283-9' 

250-5 

53-13 



267 


There is no marked difference in the mean brightness of eastern or western prominences. 


Metallic Prominences, 

An unusual number of metallic prominences was recorded during the half year, the total being 121, 
whilst during the whole of 1918 only 65 were observed. This large increase may be in part due to increased 
vigilance in searching for bright lines in prominences, but there seems to be no doubt that the sun has been 
more active than usual in the eruption of metallic vapours characteristic of the lower chromosphere. The 
sodium magnesium and enhanced lines of iron have usually been observed but several other iron lines have 
also been noted together with a few lines of chromium and titanium, and the barium line 4984‘2. 

It may be noted that the occurrence of a large number of metallic prominences synchronises with a 
period of great magnetic activity as recorded by the Observatory magnetographs. 

Details of the metallic prominences are given in the following table : — 


Table IT.— List of Metallic Prominbncbb observed at Kodaitcanal, January to June 1919. 


Date. 


1919 , 


J aiuiary 


2 

a 

4 

4 

(5 

7 

11 

12 


12 

14 

14 

14 

1() 

17 

17 

17 

17 


17 

17 

18 
18 
19 

19 

20 
25 

25 

26 
28 
30 
30 
30 
30 
30 

30 

31 
31 


Horn- 

I.S.T. 


Base. 


9 45 
8 36 
8 34 
8 48 
8 43 
8 32 

11 25 

10 5 


10 20 

9 0 

8 46 

8 41 

10 45 

9 30 

9 20 
9 0 

10 20 


10 52 
10 53 
9 30 
9 15 

8 50 

9 21 
9 30 

9 58 

8 46 

9 50 
32 0 

9 51 
9 40 
9 20 
9 12 

8 54 

10 7 

9 55 
9 30 


7 

i2 


17 

2 

3 

11 


4 

6 

1-5 


3 

13 

1 


Lsititude. 


North. 


22-5 


33 


Ilf) 

10 


17 

18 
15f 
27 


South. 


2i)-5 

7-5 

15 

Ilf) 

165 

32 


28f) 

8 

14-5 


79f) 

85 

72f) 


12f) 
Equator. 


17 


10 


14-5 


32 

1 

34 

43 

4*5 

14 

83’5 

80 

39 

39 


Limb. 


W 

E 

E 

W 

W 

W 

E 

E 


E 

E 

W 

W 

W 

E 

W 

w 

w 


w 

w 

w 

w 

w 

w 

E 

w 

w 

w 

B 

E 

E 

E 

E 

W 

W 

B 

E 


Hoiglit 


.30 

35 

30 

55 

40 

100 

.30 

i)5 

50 

40 

100 

30 


('.0 


60 

35 

60 

40 

50 

45 

70 

15 

80 

86 


10 

120 

50 


Lines. 


1),, b.., 1).,. 531 6'8. 

D,. D„, 1),, b,. 
b,, b.,, b^, 5316'^. 

D,, Da, !>,, b,„ II, b,.,, 5.3bV8. 

D,, D,., b,, b:, :b;, b,, 53J6'8. 

Di, I>1, b,, b; b;, b,„ 5316-8, 4924-1, 6677. 

Dj, D.j, b], ba, b.|, b.,,. Whole promiuouce seen 
ni these lines. 

4924-1, .5016, 5018-6, b,, b„, b„, 5316-8, 

D,, D„, 6()77 and 7065 very bright over Avhole 
heiglit ; 53 97-7, .5234-8, , 5276-2 slightly bright. 
Dj, Da, b,, b„, b„, b.,. bright over lower 
part (50"). 

D., Da, bj, ha, K b„ 5316-8, 6677, 70C)5 very 
bright. 

Di, D,a. b„ l)a, b., b„, ,5316-8. 

3)„ Ih, b,, 1)„, ba, b„ .5316-8, .5018-6, 4924-1 
slightlv bright. 

D„ D.„ b„ ba,b.„ 5316-8. 
b;, !).., ha, 5316-8. 

D„ Da- tb- ba, b„, b,, 5316-8, 6677. 

D,, Da, b„b„,b.„ 5316-8, 6677. 

66V7, 7065, D',, i)„, b,, ba, b^, b„ .5.316-8, 
4924-1, 4922, .5016, 5018-0.^ The whole pro- 
minence was seen in the first nine lines. 

D , , D a , b 1 , b a . 

Di,Da, b„ba, by, b,.,. 5316-8. 

Di, Da, b,, ba, ba, lb, 5316-8. 
b,, ba, b... 

!),, Da, b„ba,b b,„, .5,316-8. 

D,,Da,b,, ba, by, b„, .5316'8. 

D j , Da, bj , ba, by. 

Dj, Da, 1)], ba, b.j, b^., 

Dj, Da, bj, ba, b.), b,|. 

D'l, Da, bj, ba, bjj. 

Di, D„, bi, ba, ba, b,j, .531()-8. 

D , Da' lb. ba.ba, 1^,5316-8,6677. 
d;, Da, Ip.ba.ba, Ip, 5316-8, 6677. 

Da, Da, bn ba.ba. jL. 

Dj, Da. ba, ba. ba, b„ 531f)'8. 

Di, D 2 , lb, bj, bjj, b.j, <)31() 8. 

Dj, Da, b], bg, ba, bft. 

Dgi ^^3) ^^ 4 -* 

D,, Da, b„be, ba, b*. 
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Date. 

Hour 

I.S.T. 

Base. 

Latitude. 

Limb. 

Height. 

Lines. 

North. 

South. 

1919. 

H. M. 



O 


ft 


February 1 

9 44 

8 

14 


E 

65 

7065. 6677, D„ D^, b^, b„ b„ b,, 5316'8, 5016, 








6018'6, 4924-1 

1 

9 13 

6 


17-5 

E 

90 

D j, Dz, bj, ba, by, bjt, 5316-8. 

1 

9 0 

1 


42 

E 

15 

Di, D.,, bi, b„, ba, b„ 5316-8. 

4' 

9 37 



20 

E 


D„ Da. bi, b“, ba, b,i, 5316-8. 

4 

9 24 

' 2 


37 

E 


Di, Da, b.,ba, ba, b^, 5316-8. 

6 

10 0 


15 


E 

25 

Di, Da, bj, ba, ba, b„ 4924-1, 5316'8, 6677, 7065. 

7 

10 20 

5 

1-5 


E 

40 

D;, Da, bi. b„, b.„ b^. 

8 

8 32 

11 

8-5 


E 

35 

Di, Da, b., ba, ba, b,, 6677, 7065. 

9 

9 37 

12 

5 , 


E 

80 

Du Da, bi, ba, b;„ b.,, 5316-8. 

10 

9 4 


■ 16 


W 

40 

Di, Da, bj, ba, ba, b^. 

13 

10 35 


5-5 


W 

80 

4924-1 bu b.a, b,„ b.t, 5016, 5316-8, .5276-2, 








Du Da, 6677, 7065. Whole prominence 








seen in Na and Mg. 

14 

8 55 


71-5 


E 


Du Da, bu ba, bu 

14 

9 30 

8 

15 


W 

180 

706.5. 6677, D^, Do, b,, ba, ba.b,, 5316-8, .5276-2, 








5018-6, .5016, 4924-1. 

If) 

8 46 

12 

13 


w 

85 

49-24-1, 5018-6, b,, bo, b^, b.,, .5234-8, .5316-8, D,. 








Da, 6677, 7065. 

16 

9 45 

2 

61 


E 

15 

4924-1, bi, ba, ba, b,, .5316-8, Du Do. 

IB 

11 0 


16 


B 

30 

4924-1, bu ba.ba, b.,, .5316-8, D,, D... 

17 

8 56 

2 


21 

W 

10 

Di, .Da, bi, ba, b.,, b.^, 5316-8. 

20 

10 2 

17 

38 


E 

120 

Di, Da, bj^, ba, b.(, b,(,. 

20 

9 15 



385 

E 


Di, Da, bi, ba, ba, .5316-8. 

23 

9 5 

3 

43 


E 

55 

Di, Da, bii ba, bg, b.j, ,531()-8. 

23 

9 40 

12 

11 


W 

60 

Di, Da, bi. ba, bg, b,i, 5316'8. 

24 

8 49 

2 

11 


E 

10 

Dj, Da, bi, ba, bg, b^, 5316'8, 6677. 

24 

8 34 

28 

7 


W 

80 

4924-1, 4934-2, 5016, 5018-6, bi, ba, b,„ 1),, 








5197'7, 5204-8, 5206-2, 5208-8, 5215-3, 5218-2 








.5269-7, 5270-5, 5276-2, 5316-8, 5.324-3, 5.328-1 








.5363-0, 5535-1, D^, Dj, 6677, 7065. 

25 

9 31 

15 


30 

E 

120 

Di, Da, slightly bright. 

2B 

9 40 


10 


E 

15 

Di, Da, bi, ba, bs, bi, 5316-8, 6677, 7065. 

26 

9 46 



7 

E 

35 

Di, Da, bi, ba, bg, bji, 5316-8. ■ 

26 

8 55 



64 

W 


Di, Da bi, ba, bg, b^, 4924-1, 5016, ,5.316-8. 

27 

8 38 

3 

18\5 


E 

25 

Di, Da, bu ba, bg, bi, 5.316-8, 6677, 7065, 

March 2 

9 22 

2 


55 '5 

"VV 

' 25 

Du Da, bx, ba, bg, I^, 6197-7, 5276-2, 5.316-8. 

2 

9 28 

2 


45 ’5 

w 

50 

Du Da, bi, ba, bg, bi, 5276-2, 5316-8. 

5' 

9 30 


28-5 


w 

15 

Di, Da, bx, ba. bg, bi, 5316-H, 

B 

9 45 

5 

5-5 


E 

60 

4924-1, 5018-6, 5316-8, bx, bo, bg, 1)4, JK Dg, 








6677, 7065. 

7 

9 60 

3 

20-5 


• E 

90 

Dx, Da, bx, ba, bg, bi, 5,316-8, 6677, 70()r). 

7 

10 0 


13 


E 

10 

Dx, Da, bx, ba, bg, bi, 5.316-8, 6677, 7065. 

8 

8 36 

8 


6 

W 

70 

4924-1, 5016. 5018-6, bx, bo, bg, bi, 5197-7, 








5234-8, 5276-2, 5284 2, 5316-8, .5363-0, 5.535-1, 








Dx, Ba, 6677,7065. 

9 

9 10 



20 

E 

15 

Dx, Da, bx, ba, bg, bi, 5.316-8. 

10 

8 38 

20 

10'5 


E 

60 

Du Da, bx, ba, bg, bi, 5.316-8. 6677, 706.5, 

10 

8 46 



20 

E 

40 

Dx, Da, bx, ba, bg, bi, 5316-8. 

11 

9 0 

11 

8-5 


W 

125 

Di, D3, bi, ba, bs, 53ib‘8. 

13 

10 2 

5 


30 

W 

40 

4924-1, 6016, 5018-6, bx, ba, bg, bi, ,5,316-8, Dx, 








Da, 6677, 7065. 

13 

9 48 


19 


w 

10 

Du Da, bu ba, bg, bi, 4924-1, .5016, 5.316-8, 








6677. 

19 

10 11 

7 

11 -5 


w 

35 

4924-1, .5016, 5018-6, bx, bg, bg, bi, 5316 8, 6677. 

23 

10 15 



13 

E 

75 

Dx, Do, bx, bg, bg, bi, 5316 8, 6677, 7065. 

23 

10 25 



30 

E 

35 

Dx, Da, bx, bg, bg, bi, 5316-8. 

, 24 

8 49 


6 


E 

80 

Du Da, bx, ba, bg, bi, .5316-8, 5016, 6677,7065. 

25 

9 48 

19 

4‘5 


E 

95 

Dx, Da. bi, ba, bg. 

25 

10 0 

13 


27-5 

E 

85 

Dx, Da, bx, ba, bg, bi, b()77. 

26 

8. 34 

2 


20 

E 

10 

4924-1, 5016, 5018-6, 5316-8, bx, ba, bg, bi, Dx, 








Da, 6677. 

26 

8 30 

4 


29 

! E 

60 

Dx, Da, bx, ba. 

27 

,9 55 

4 

. 20^ 


' E 

20 

4924-1, .5016, 5018 6, bx, ba, bg, bi, .5316-8, Dx, 








Da, 6677, 7065. 
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March 


April 


Date. 




May 


June 



Horn- 

LS.T. 

Base. 


M. 

M. 

1 

28 

8 

87 

18 

21) 

1) 

15 


.80 

1) 

45 


.81 

8 

46 

2 

' 1 

1) 

16 


8 

1) 

51 

4 

.8 

1) 

25 

1 

4 

8 

28 


5 

1) 

,50 


14 

8 

58 


16 

8 

88 

7 

17 

1) 

5 

8 

20 

8 

21 

8 

28 

8 

18 


28 

8 

88 

10 

24 

8 

88 


24 

8 

41 

2 

28 

1) 

45 


21) 

1) 

26 


1 

1) 

15 


8 

10 

20 

'■> 1 

8 

11 

14 

2 1 

12 

7 

56 

2 1 

14 

11 

0 

. ■ ! 

15 

1) 

52 

2 i 

j 

15 

1) 

80 

7 

16 

11 

0 

12 

21 

1) 

8 

8 

28 

8 

.50 

85 

28 

8 

,56 


1 

8 

88 


8 

8 

51 


8 

8 

58 

5 

,28 

1) 

88 

11 

28 

1) 

84 

4 








Liiti tilde. 




- 

laiinh. 

Height, 

'North. 

South. 



0 

0 


/f 

28-5 


E 

80 

82 


E 

80 

1) 


E 

10 

10 


E 

60 


10 

W 

15 

17 


E 

15 


l)-5 

W 

80 


H 

w 

25 

25 


E 

.50 

10 


W 

15 


26-5 

w 

40 


11-5 

w 

20 


20 

E 

25 

11) 


E 

45 

7 


W 

55 

{“] 


E 

1)0 


12 

E 

2.5 

10 


I’hj 

80 

15 


w 

60 

15 


15 

2,5 

16 

17 

E 

1.5± 


W 

10 

20 


15 

10 


21 

15 

80 


8 

15 

25 

17-5 


W 

80 

26 


W 

20 

11) 


E 

45 

4-5 

16 

15 

W 

.50 


18 

E 

25 

18 


E 

K) 

7-5 


W 

25 


26-, 5 

W 

20 


1.5 

W 

15 J 


Lines. 


Dj, Di, bj, bj. 

Di, Di, bi, bj, bs, bi, bb.KbM. 

Di, Du, b^, bj, bs, b^, bb.KVK. 

4‘I24-1, 5016, ,50l8-(i, bj, b„ b*, lu, 5:l!)77, 
5‘2b4-H, f)276% bblOH, b.HOb-O, .55.%i, Dj, D*, 
♦)(i77. 7065. 

j 1 1^21 lb' 1^1 l^S' 

D:,, Dj, hi, 1)2, bs, bt, 5;ll6-8, (.)677, 7065. 

6677, 7()65, bright over- top. 

Dj, 13. , bi, bj, b|, b*, 5.81 6'8. 

Dj, Dj, bi, bt, bs, bi, 5.816’8, 6677, 706.5, 
41)241. 

41I24-1, .5016, .5018-6, b.,., b^, b.„ b^, 5.81 6-8, 1)^, 
J>2, 6677, 7065. 

J3.„ Dj, bi, 1)2, bs, b<, .561 6-8, .5018-6, 41)24-1. 

41)24-1, 41)22-0, 5016, .5018-6, b^, 1)2, b*, b^, 
511)7-7, 5204-8, 5206 -.8, 5208-5, .5226-7, .52.84-8, 
.5266-8, .5270-6, .5.816-8, .5.828-2, I),, .0*, 6677, 
7065. 

1),, Da, hu 1)2, bs, bi, .5816-8. 

Dj, D2, bj, 62, bs, b^, .5.8l()-8. 

41)22-0,41)24-1, 4!).84-2, .5016, .5018-6. b,, bs, bj, 
b*, .511)7-7. .5284-8, .5276-2, .5284-2, .5816-8, 
.586.8-0, ,5585-1, D,, D*, 6677, 7065. 

l)i, .Ds, bj, bs, bs, b.i, 581 ()-8, 

41)24-1, ,5016, .5018-6, b^, bs, bs, b.,, 511)7-7, 
,5204-8,5206-8, .5208-, 5, 5222-1 , .5284-8, .5261)-8, 
.5276-2, .5284-2, .5816-8, .5828-1, .5868-0, .5871-6, 
.581)7-8, .5404-4, .5405-1), ,5424-8, .5421)-1), ,5447-1, 
.5.58.5-1, D:,, Dj, 6677, 706.5. 

.I3j, D 2, bs. bs, bs, !),(,, .5811) 8, 

Da, .Bi;, b„ 1)2, b;„ 1)4, .5816-8, 6677. 

D], Dj, bi, 1)2, bs, 1)4, ,5816-8. 

Di, Bi., bj, bs, b», 1)4, ,5.816-8. 

Di, B«, 1),, bs, b„ 1)4, ,5816-8. 

706.5, 6677, B,, Bs, bi, bs, bj, K. 5816-8, 41)-24-l. 

7065, B, Bs, hi, 1)2, bs, !).„ .5816-8, 41)24-1. 

706.5, 6677, Bj, Da, bj, bs, bs, 1)4, .5816-8, 
41)24-1. 

Da, Bs, b,, l>s, bs, 1)4, .')8H)-8. 

Bi, Bs, bj, bs, bs, 64. 

Ua, Da, bi, bs, bji, 1)4* 

B), Ba, 1),, bs, bs, 1)4, 5816 8. 

D,, Bs, b,, bs, bs, 1)4, .581 6- 8. 


.5276-2, 5284 -2, .5.816 -8, B,, Bs, 6677. 


The metallic prorninences recorded above wei-e dintribirted in latitude an follows 


— 

1" to 8(r 

81“ to 60" 



61“ to 1)0" 

Mean lafitude. 

Extr-eme 

latitudes. 

North 

58 

8 

2 

16-6 

0 t) 

1, 71-5 

1, 85 

Soutli 

40 

11 

6 

27-6 

Equator 



1 

... 

0 
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bixty-nine were in tlie eastern limb or 57 per cent of the whole. 


DisiplacB'nmnts of the hydrogen lines. 

l aitieulars of the displacements observed in the chromosphere and prominences are given in the following’ 

fcclDlO “ 

Table III. 



Hoi,ir 

I.S.T, 

; Latitude. 



Displaoement. 


Biite. 




Limb. 




Remarks. 





I 

I 


! , 


North, 

. South 


Bed. 

Violet. 

Both ways. 


1919. 

Fl. 

.M. 

0 

0 


A 

a' 

A 


Januai'y 2 

2 

2 

9 

9 

8 

94' 

98 

9(i 

2 

9 

E 

W 

E 

Slight . 

Slight . 

()-5 


At top. 

Do. 

At base. 

i\ 

8 

8 

.1(5 

22 

(5(5 

12 

,E 

W 

1 

1 -5 


At top. 

4 

8 

42 

(5(5 


E 

Slight 



4 

8 


24 


E 


Sligh t 



4 

■ /■ 4, 

8 

8 

91 

48 


1-5 

15 

E 

W 

1 

0-5 


No prominence. 

() 

9 

8 

10 

49 

15 

(57 

11-5 

W 

E 

()-5 

0-5 


At top. 

At base. 

9 

9 

10 

1 1 
11 

9 

.11 

0 

28 

27-5 

I 95 

99 

E 

W 

W 

Slight 

2 

Slight 


At top. 

10 

9 

22 

(5 

! 92 

w 

Slight 




11 

11 

10 

24 


E 

Do. 

9 



1 11 

(1 


47 

E 

0 



11 

11 

11 

10 
i 9 

9 

15 

58 

45 

4 

()4-5 

[ 78 

W 

w 

w 

Sliglit 

0-5 

9 

Slight 


To red at base ; to violet at top. 

12 

12 

9 

10 

.54 

55 

74'.5 

19 


E 

E 

2 

Slight 


No prominence. 

1.9 

8 

25 


24 

E . 


Slight 


At base. 

1.1 

bs 

14 

8 

8 

. 8 

20 

95 

99 

81 

78 

97 

E 

W 

E 

Slight 

Slight 

Do, 


No prominence. 

14 

9 

1 


99 

E 

0-5 



l-f) 

10 

97 


9-5 

E 

2 



1.') 

10 

14 


(54 

W 


1 



1.5 

1 1 

12 


9(5’5 

w 

1 




1.5 

11 

15 


1(5'5 

w 

9 




ir> 

11 

22 


5-5 

w 

1 




15 

11 

27 

10 


w 

1 




K) 

1() 

IH 

11 

10 

84 


E 


Slight 



11 

11 

19 

15 

74'.5 

()4-5 


E 

E 

vSliglit 

Do. 



1(1 

11 

17 

55-5 


E 

Do. 

Slight 



1 (1 

; 1(1 

M 

94 

4 


E 

Do. 




. 11 , 

,40 

1-5 


E 

1 



1(1 

11 

4() 


2 

E 

1 



1(1 

12 

0 


.55'5 

E 

Slight 

Slight 



1(1 

8 

18 


57 

W 

Do. 




1(1 

9 

59 

10 


W 

1 

0-5 



17 

17 

10 

9 

2 

27 


92 

42 

.58f) 

E 

E 

Slight 

Slight 


17 

9 

47 


E 


Slight 



17 

17 

9 

9 

2(.) 

0 


85 

72-5 

W 

w 


1 

Slight 


17 

17 

10 

10 

5(5 

5 

4 

7 


w 

w 

Slight 

9 

2 


At top. 

At 10'* 20"* 0 was displaced 4 A to 
I’ed and 2 A to violet, and D, was 
displaced 4 A to red but only 1 A 

.17 

18 

11 

5(5 

94 

45 


w 


Slight 


to violet. 

10 


94 

E 


r 



, 18 

18 

9 

9 

.55 

45 


44 

22 

W 

W 

Slight 

Do. 



18 

18 

9 

9 

90 

15 

15-5 i 
27 1 


■ W ' 

w 

2 


Slight 


19 

20 

8 

48 


25 

w 

Slight 




9 

90 

Equator. 

1 

E 

2 




i 
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Date. 


191 <1. 
J aniiary 


February 


Latitude. | 




.T. 

— 

■'I 

djiinb. 




N(>rth 

South 

1 

! 


II. 

M. 

D 

0 


20 

9 

42 


9-5 

E 

20 

9 

42 


la 

E 

21 

10 

aa 


11-5 

E 

21 

Id- 

45 


ao-5 

E 

21 

10 

11 


H5 

W 

21 

10 

a 


at 

W 

21 

9 

45 

an 


W 

21 

9 

40 

47 


w 

21 

9 

19 

7K 


w 

215 

9 

la 

H4 


E 

2;i 

9 

ia 

«() 


E 

20 

9 

50 


29 

W 

29 

9 

aa 


5 

w 

2;i 

9 

a2 

1(1 


w 

2:-i 

9 

21 

44-5 


w 

24 

10 

ao 

ai 


E 

24 

10 

la 


14 

E 

24 

9 

5« 


7a 

E 

24 

9 

5« 


75 

E 

24 

9 

5a 


7(1 ’5 

W 

24 

11 

4 


21 ’5 

W 

24 

10 

55 


17 

w 

20 

10 

5 

12 


E 

25 

9 

4H 


ia 

W 

25 

9 

at 

11 


W 

25 

9 

22 

2 


w 

25 

9 

Ta 

4(1'5 


w 

25 

9 

4 

71 


w 

25 

9 

57 

77-5 


w 

2(1 

10 

5 

HI 


:e 

2(1 

H 

54 

71*5 


E 

2(1 

9 

ao 


11 

W 

2(1 

9 

10 

25 


W 

2(1 

2(1 

9 

5 

42 


W 

9 

5 

a5'5 


W 

27 

H 

ao 


HO-5 

W 

2H 

12 

0 


41 

15 

2« 

11 

!H 

aa 


W 

2K 

10 

5K 

77 


w 

;«) 

9 

40 


4-5 

E 

ao 

9 

1 


m-f> 

15 

ao 

H 

54 


HO 

W 

ao 

H 

52 


7a 

w 

ao 

11 

2(1 

5 


w 

ai 

9 

4 

10'5 


E 

1 

H 

50 


7(1 -5 

15 

1 

10 

45 

5 


W 

vl 

H 

54 

(19 


E 

a 

9 

15 

79-5 


W 

4 

9 

40 


11 

E 

4 

10 

a5 


H() 

W 

5 

9 

14 

saf) 


A .vis 

.5 

9 

II 

52-5 


E 

5 

9 

at 


21 

E 

5 

9 

45 


59-5 

W 

5 

9 

2(1 


24 

W 

5 

9 

21 

H 


w 

5 

9 

21 

7 


w 

5 

9 

17 

.50 


w 

5 

9 

15 

75-5 


AV 

(1 

9 

11 

(IH 


B 

(1 

10 

0 

15 


E 

(1 

9 

at 


4(1-5 

W 

(1 

9 

ao 

2(1 


W 

(1 

9 

IH ' 

HI 


w 

7 

10 

0 

9 


E 

7 

10 

a7 


57-5 

W 


2-a 


Disi)lacements. 

Red. 

Violet. 

' 

Roth way,s. 

A 

A 

A 

Sliglit 

Slight 

1 

Do. 

Do. 

Do. 

Slight 

2 

Slight 

Slight, 

Slight 

1-5 


1-5 

Slight 


Sliglit 

1 



Slight 

Slight 

Do. 

Do. 

*> 

« > 

Slight 

1 

1 


Slight 

Do. 

0- 5 

1 

1- 5 

2 

Sliglit 

1 

Slight 

r 

1 

SI iglrt 

2 

Slight 

2 

Slight 

Do. 

Slight, 

Do. 

Slight 


o 

Slight 


2 

Slight 

1) 

Slight, 

1-5 


1-5 

4 

Slight 

0-5 

0-5 

0-5 

Slight 

Do, 

1 -5 

Sliglit ■ 
Do. 

Do, 

Do. 

1 -5 

Slight 

O-f) 

Slight 

Slight, 






KernarkH. 


To red at bii«e ; to violet at top. 
At base. 

To I'ed at top j to violet at base. 

At top. 

Do. 


To red at top ; k) violet at base, 


At i:Op. 

Do. 

At l;op ; not seen at; H'' 4b'". 

A t top. 

To red a,t base ; to violet at top. 

Slight over lower part and 1 '5 at t,op. 
Whole proniinence displaeed. 


A t- top. 
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Reniiirks. 


To red at top ; to violet at base. 


1\) red at base ; to violet at top. 


No proininenee, 


At base I 


No promiuouce. 


To red at top ; to violet at base. 
Not seen at 1)’’ 25'". 


To red at top ; to violet at base. 
Displacements 2 A to violet and 
slightly to red at dh 50'". 

To red at top ; to violet at base. 

At top. 

To red at base ; to violet at top. 

At base. 

To red at base j to violet at top. 



373 




f9J;!L 

'PeJurafflu-j' 








Latitude. 


Displficomciits. 



Houl' 



Limb. 


1 

Reiiuu'ks, 


r.s 

.T. i 








j 

North 

S<»utli., 


Red, 

Yiolet. 

Both ways. 



H. 

M. 

1 

? 


A ■■ 

A 

A. 


'21 

H 

50 

47-5 


B 

Slight 




'll 

K 

48 

47 '5 


B 


1 



'll 

il 

48 

I8f) 


E 

Slight 

2 


To red at liase j to violet at top. The 

21 

21 









displiieemeiit was 2 A to I'ed. and 5 
A to violet at 9'‘ 44'". 

!1 

9 

27 

18 

45-5 

49 

W 

W 

Slight 

Do. 



At top. 

21 

9 

,9 

48 

49'5 i 


w 

4 

2 


'L’o red at base ; to violet at top. 

-2H 

8 


44'5 

w 


()-.5 


2H . 

K 

44 

4 1-5 I 

1 

w 


Slight 


' 

1 

H 

47 

i 

i 

1 

(1 

E 

Slight 



No promiiieiico. 

il 1 

>! 

51 

i 

54-5 

E 

.Do. 



Do. 

1 : 

8 

42 


48 5 

w 


Slight 

I 



11 

8 

44 

54-5 1 


w 




2 

](.) 

7 

j 

9 

E 

Slight 





3 0 

0 


48-5 i 

E 

Do. 





9 

45 


(15 j 

E 

Do. 




2 

9 

40 


82‘5 

5V 

Do. 




■O 

9 

5 


(15 1 

W 


Sliglit 



2 

9 

22 

1 

1 

55-5 

w 


2 


At top. 

2 

9 

28 

81 ; 

4.5*5 

1 w 

Slight 



At base. 

il 

8 

25 


! E 

Do. 




.;i 

8 

49 

47 : 


E 

Do, 



A.t ba,se. 

4 

9 

8 

70-5 1 

i 

i' B 

1 



4 

9 

11 

(10 i 

j 

E 

Slight 




4 

' 9 

27 

4.4 5 


B 


()-5 


Not seen at 9'' 28'". 

, 4 

9 

40 


24 1 

E 

0-5 

1 


E.'cteiids from - 22° to — 2(1'’, 

•1 

9 

4(1 


77 1 

l!l 

1 




4 

9 

2.4 

1 

51 •5 

W 

()-5 




1 

9 

12 

70*5 j 


w 

1 




4 

9 

12 

74-5 1 


w 

0-5 




5 

U 

4 

1 

1 

21 

E 

2 




J) 

II 

.4 


24 

:e 

{•5 




f) 

9 

21 


(14 

E 

Slight 




f) 

9 

18 


81-5 ! 

E 

1 




f) 

9 

15 


84 

E 

W 


Slight 1 



J) 

H 

55 


.4H-5 

1 


At top. 

f) 

II 

15 


1(1'5 

W 


Slight I 

-T) 

f) 

! 9 

II 

40 

48 

28-5 

.57'5 


w 

w 

1 

1 

2 


To red ijt top ; to violet at ba.so. 

4) 

i H 

.50 

(17 


'E 


Sligld-. 



•1) 

H 

,5(1 

47-5 


E 

Slight 




! 9 

.41 

48-5 


E 

2 

I 


To violet at base ; to red at loj). 

i; 

9 

4.4 

45 

19 


E 

Slight 

Slight 


(1 

1 w 

1 !) 

5 '5 

i 

E 

W 

I 


To red at i(>p ; b.) violet at base. 

h 

24 


(10 


Do. 


11 

I 9 

1(1 

8-5 


W 

1 



At to|>. 

i) 

1 9 

10 

40 


w 

(,)-5 



(1 

i 9 

(1 

.58-5 


w 


0-.5 



i) 

i 9 

4 

74'5 


w 


Slight 



4) 

i 

2 

82 


w 


Do. 



7 

9 

.50 

19 


E 

1 




7 

10 

0 

14 


E 

1-5 




7 

! 9 

40 


41 

B 

Slight 



A t ba.se. 

7 

i 9 

24 


47-5 

B 

1%5 




7 

1 9 

15 


75-5 

B 


1 



7 

i 8 

58 


72 5 

W 


Slight 



7 

i 8 

52 


55 

W 

Slight 



7 

K) 

10 


5 

w 

2 




7 

1 10 

20 

70 


w 

. 

Slight 




8 

45 

49 


K 

Slight 




■ft 

i 8 

4(1 

25 


(1 

W ■ 


Slight 


!) 

9 

1(1 

11 


E 

Slight 



i) 

-! 9 

25 


E 




1) 

9 

10 


20 

E 


1 



i) 

i) 

^ 9 

4 

0 


44*5 

E 

Slkht 




i 9 


(11 

E 

Do. 




'D 

■ 8 

44 


(17 

W 


Slight 









.. ■ - : 


.... 
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Date. 


1919. 

March 





Latitude. 


! 


Hour 



Limb. 



I.S.T. 






1 

North. 

South. 


1 Red. 


IT. 

M. 

0 



A 

9 

8 

42 


Od 

W 


9 

9 

50 


dlf) 

W 

2 

9 

H) 

8 

0 


W 

2 

<) 

10 

11 

02 


W 


TO 

8 

d7 

18 


E 

Slight 

10 

8 

d8 

lOf) 


E 

4 

10 

8 

40 


20 

E 


10 

8 

dl 


do 

W 

Slight 

10 

8 

29 


10 

W 

Do. 

11 

8 

42 

5(t5 


E 

1 

11 

.8 

42 

47-5 


E 


11 

9 

24 

IH 


E 

0-5 

IT 

8 

19 

d 


E 


Tl 

9 

17 


2d 

W 


11' 

9 

17 


27 

W 


IT 

9 

!7 


d2 

w 

1 

Tl 

9 

0 

10 


w 


11 

9 

0 

2 


w 

1 

12 

10 

0 

70 


E 

Slight 

12 

10 

d5 


81 

B 

Do. 

12 

10 

d7 


70 

W 

Do. 

12 

9 

4 


4d'5 

w 


12 

9 

7 


d4f) 

w 

2 

'1,2 

11 

0 


10 

w 

Slight 

Id 

9 

0 

77 


E 

r 

Td 

8 

52 

05 


E 


Id 

8 

54 

59'5 


E 

1 

Td 

9 

0 

4dr) 


E 

1 

Td 

10 

dd 


54 

W 

T 

Id 

10 

2 


20 

W 

1 

Td 

9 

14 

73f) 


w 

1 

14 

9 

40 

7df) 


E 

Slight 

T4 

9 

20 


Id 

E 

If) 

14 

9 . 

12 


45 

E 


14 

9 

4 


82-5 

W 


14 

8 

56 


59-6 

w 


14 

9 

45 


ddf) 


Slight 

15 

8 

d9 

78 


E 


HI 

9 

12 


81 

W 

1-5 

Hi 

9 

8 


60f) 

w 

Slight 

1() 

9 

0 


00 

w 

Do. 

HI 

10 

10 

Ilf) 


w 


Hi 

10 

15 

dO-5 


w 

2 

Hi 

10 

17 

04 


w 


IH 

9 

10 

08 


E 


TH 

8 

50 

59-5 


E 


IH 

8 

50 

54'5 


E 

Slight 

18 

9 

d 

44 


E 

Do. 

18 

9 

Id 

8d 


W 

1 

19 

10 

11 

14 


W 


19 

10 

0 

69 


w 


21 

9 

H 

Ilf) 

' 

E 


21 

9 

7 

5 


E 


21 

9 

d 


45 



21 

9 

18 

44'5 


W 

4 , 

22 

8 

48 

8.1 


E 


oo 

r 9 

10] 


18 

E 

d 


1. 9 

35] 





22 

8 

55 

12 


W 


2d 

9 

7 

82 


E 

Slight 


Displacements. 


Violet. 

A 

Slight 

a 

Slight 

0-.9 


Slight 

Do. 

1 

1 


Sliglit 

1 


Slight 

Slight 

I'f) 


Slight 

Do. 


1 


Slight 

Slight 

Do. 

Do. 

1 


1 

1 

2 

Slight 

Slight 

() 


Slight 


Both ways. 
A 


Slight 


O'h 

05 


If) 



Remarks. 


To I'ed at top ; to violet at base. 

At top. 

Do. 


To red at top ; tovioletatba.se. 


No prominence. 
No prominence,' 


To red at top j to violet !it base. 


No prominence. 

Only 1 f) A at 91i 

Eruptive 1C was displaced at many 
places the maximum amount being 

3 A to red and 4 A to violet near 
base and 2 A to red and 2 A to violet 
over top at 9" 10'". The maximum 
amount near base was (I A to violet 
at ih' 2r)"‘. At 9" df)™ the di,spla(a> 
inents were d A to red and d A to 
violet near base and d A to red and 

4 A to violet near top). 
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i 


Latitude. 


.Disjdacenieut. j 


Date. 

Hour 



liiimh. 





T.S.T. 

North. 

►South. 

Eed. 

Yiolot. 

Both ways. 


IS) lit. 

II. M. 

» 

- 


A 

A 

A 


March -ih 

9 2 

09 


hi 


►Sliglit 



2n 

8 52 

57*5 


E 


1 



2 ;\ 

9 50 

19-5 


E 

1 




•in 

10 0 

E(| viator. 

E 

15 



At base. 

•in 

10 15 


IH 

E 


1-5 


To red at base ; to violet at top. 

•in 

10 25 


2H 

E 

'> 



At ba.se. 

•in 

10 10 


25 

E 

H 



Do. 

in 

9 24 


27-5 

W 


1 



in 

<1 90 


17 

w 


0-5 



•in 

9 20 


11 

w 


0-5 


At base. 

•in 

9 1 5 

7 


w 

Slight 




24 

8 49 ' 

05 


E 

Do. 




24 

8 44 ' 


09 

E 

Do. 




24 

8 HH 


57-5 

W 

0 

2 


To red at top ; to violet at ba,se. D., 









displaced only 4 A to red and 2 A to 
violet. 

2n 

8 50 

4H-5 


E 


1 



25 

9 40 

4-5 


E 

Slight 




25 

9 2 

40-5 


W 


Slight 



2(1 

8 H4 


20 

E 

Slight 




21) 

8 25 


H8-5 

W 


Slight 



27 

9 IH 

05 


E 


Do. 



27 

S) 5 

51-5 


E 


Do. 



•11 

9 55 

17 


E 


1 


At toj). 

27 

10 2 


49-5 

E 

Slight 



' 

2H 

8 HO 


22 

W 



Slight 


•in 

8 47 

0 


W 



Do. 


2!) 

8 50 

OH 


E 


►Slight 



2i) 

8 52 

54 '5 


E 

Slight 




2S) 

8 5(1 

49 


E 

(h5 

1 


To red at top ; to violet at base. 

HO 

9 10 

10 


E 


5 



HO 

9 HO 

14 


hi 


2 



HO 

9 45 

9 


E 

1 




HO 

8 51 


02 

W 

Slight 




HO 

8 55 


47'5 

W 


1 



HO 

8 58 


42-5 

vv 

Slight 




HO 

9 2 


HI -5 

w 


1-5 



HI 

8 52 

80 


E 


0-5 


No proiui nonce. 

HI 

8 40 

8 


E 

Slight 




April 1 

i) 5 

70 


E 


Slight 



1 

8 55 

44 


E 


2 


At base. 

1 

8 55 

41 


E 

h5 



At top. 

1 

9 25 


HI 

E 


1-5 



1 

9 10 


10 

W 


0-5 



H 

9 H 

7H 


E 

Slight 




H 

9 45 

22 


E 


Slight. 



H 

9 25 


11 

W 

Slight 

1 


To red at top ; to violet at base. 

H 

9 12 

19 


W 

Do. 



No proininenco. 

H 

9 8 

79 


w 


Slight 



4 

8 18 


02'5 

E 

1 




4. 

8 27 


12 

w 


1 


Over lower half of prominence. 

5 

9 • 2 

8H 


E 


Slight 



5 

9 () 

29 


W 


Do. 



(1 

8 52 


10 

E 

Slight 




() 

- 8 45 

7 


W 


1 



•,() 

8 H8 

8H 


W 

►Slight 


* 


7 

10 15 

24-5 


E 

0-5 

1 


To red at base ; to violet at top. 

7 

10 10 


70 

E 


Sliglit 



H 

9 28 

77 


E 



0-5 


8 

9 H9 

52-5 


E 


0-5 



9 

8 27 


04-5 

E 


►Slight 


At top. 

9 

8 H5 


42-5 

W 


Do. 


No prominence. 

10 

8 H5 


H4 

W 



Slight 


12 

9 5 


2-5 

w 


Slight 



14 

9 12 


70 

w 

Slight 



No promineuco. 

14 

8 54 

:5 


w 

1 

Slight 





Daft!. 


11 ) 111 . 


April 


May 



Horn' 

Latitude. 

Limb. 

Displaceiii 


1 8 

T 








North. 

South. 


Eed. 

Violet 


n. 

M. 


0 


A 

A 

14 

8 

.02 

1(1 


W 


Slight 

lb 

8 

8.0 

11 


W 

Slight 


17 

8 

;i8 

21 


E 


1 

17 

',) 

f) 


10 

W 

2 


IH 

<) 

20 


88'.0 

E 


0-5 

20 

8 

21 


20 

E 

Slight 


22 

8 

.8] 

8 


E 

Do. 


22 

8 

2.0 

1 


W 



2:1 

8 

88 

4 


W 

Of) 

If) 

24 

8 

;88 

14 


E 


Of) 

24 

8 

41 


12 

E 



24 

8 

211 


8 

W 


Slight 

2H 

1) 

18 

7(l-.0 


E 


Do. 

2H 

!) 

2(1 

42 


E 

Slight 


2H 

11 

.02 


(.59'5 

W 

Do. 


21) 

11 

2(1 

(1-5 


W 


1 

dO 

1) 

7 

l(i-5 


B 

Slight 


1 

1) 

18 

44 


E 

Slight 


1 

8 

4 

1(1 


E 

Do. 


1 

1) 

0 


L5 

E 

Do. 


1 

8 

41 


07 

W 


Slight 

0 

8 

2.0 

5.0 


E 


Do. 

2 

11 

24 


05f) 

E 


1 

0 

8 

40 

4'5 


W 

8 

1 

2 

8 

85 

45 


W 

Slight 


2 

.7 

.0(1 

(Kl-.O 


w 


Slight 

H 

1) 

4!) 


11 

E 


1 

5 

8 

55 

(15'5 


E 


Slight 

() 

1) 

40 

20 


W 


Do. 

H 

S 

.02 

(14 


E 


1 

H 

11 

0 

45 


W 

1 


1) 

1) 

.07 

88 


E 


Slight 

1) 

1) 

1(1 

07 


E 


Do. 

1) 

<1 

20 


.8(1 

W 

8 


10 

1 ) 

8 


2(1 

E 

0 


11 

11 , 

12 


,87 

W 

Slight 


12 

1) 

85 

14'5 


E 

2 

I ' 

12 

1) 

82 

11 


E 

2 

1 

12 

1) 

28 


4(1 

E 

Slight 


.12 

1) 

22 


70 

E 


Slight 

12 

1) 

20 


77-5 

W 

Slight 


18 

1) 

42 

2 


E 

1 

2 

14 

1) 

12 

19 


E 

If) 


14 

1) 

.0 


0 

E 


Slight 

14 

8 

51 


27 

E 

2 


14 

8 

42 


(10 

W 

Slight 


14 

8 

44 


4() 

w 

Do. 


14 

1) 

27 

6(5 


w 


Slight, 

l.b 

11 

5(,) 


8 

E 

2 

4 

l-b 

1) 

5 

81 


w 

Slight 


If) 

8 

58 

75 


,w 


Slight 

1(1 

1) 

12 

8-5 


E 

2 

If) 

18 

8 

58 

78 


E 


Slight 

18 

8 

44 

27-5 


W 

2 

2 

21 

1) 

(1 


1,7 

E 


Slight 

21 

1 ) 

12 


88 

W 

Slight 

Do. 

22 

8 

42 

71 


E 


Do. 

22 

8 

51 

24-5 


E 

Slight 


24 

1) 

7 


70 

W 

If) 

Sliglit 

27 

10 

28 


85 

w 


■ 1 

27 

10 

12 

1 


w 

Slight 


27 

10 

9 

81-5 


w 

1 


28 

8 

52 

(i4 


E 

Of) 


29 

1) 

21 


84 

W 


1 

;io 

7 

44 

78 


E 


Slight 

80 

8 

.08 


18 

W 

1 

2 

81 

1) 

45 


7 - 

E 

2 



Botli ways. 
A. 


Blight 

1 


liomarks. 


At top. 

In different places. 
At top. 

i 

I 

I Xo prominence. 


To violet at base ; to red ati to)). 
At base. 


At base. 
Do. 


At base. 


To I’ed at base ; to violet at. toti. 
Do. 


No pi'ominencu. 

To red at base ; to violet at (,op. 
At top. 

At base. 


To red at base ; to violet at toja 
No prominence. 

No prominence. 

To red at top ; to violet at ba»e. 
To I'ed at base ; to violet at top. 


At to]:). 


To red at base ; to violet at tox»- 
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Date. 

Hour. 

I.S.T. 

Latitude. 

Limb. 

Displacements. 

Remarks. 

North. 

Souttij 

Red. 

Violet. 

Both. ways. 

1919. 

H. M. 

„ 

0 


A 

A 

A 


May 31 

9 36 


20 

E 

Slight 




31 

9 34 


25 

E 


Slight 


At top. 

31 

9 22 


42 

W 

Slight 




31 

9 57 


28 

w 

2 




■June () 

10 48 


12 

w 

Slight 




8 

8 58 

7 


w 

Do. 




9 

8 49 

14 


E 

2 




9 

8 46 

7 


W 

Slight 



At top. 

13 

8 33 


19 

E 

Do. 




14 

9 25 


6'5 

W 

Do. 



At south end. 

15 

9 42 


15 

w 


.3 

i 


15 

9 38 

64 


w 


Slight 


No ])rominenoe. 

1() 

8 38 


15 

w 


Do. 



17 

9 17 

21 


w 


Do. 



18 

9 7 


70 

E 

1 



No prominence. 

22 

10 45 

56 


E 

Slight 




22 

10 53 

12-5 


W 


Slight 



23 

9 26 


64 

E 

Slight 




24 

10 4 

83-5 


W 

Do. 




28 

9 43 

14 


W 

Do. 




29 

9 54 


21-5 

E 


Slight 



29 

9 52 


H() 

W 

Slight 




29 

8 29 


2-5 

w 



Blight 


30 

8 27 


64 

E 


Slight 



30 

8 27 

64 


W 


Do. 




The total nimibei' of dis|)hiceitieii,ts wan 4711, of which 2 wore on tlie e<itiatoi*, and the rest were distributed 
as follows : — ■ 


laititudo. 


North. 

South. 

i°to;}o° ... 

« • • • • • 

110 

87 

31.0 (j,-) (‘oo 

• * • • • , • ' 

()0 

71 

1)1° to 90° 



83 

00 


Total .. 

253 

218 

Mast limb ... 



.238 


West limb ..., 

• •• ••• *4 

234 



Pole ... 1 


There were :27() displacements towards red and 227 towards violet. These incl ude 41) occasions in which, 
the displacement was to red and to violet in dilferent parts of the same i)romincaice. ID of the displacements 
were both ways simultaneously. 


Jlcuermlx and diiiplacAmenU on tlw dm;. 

185 bright reversals of the Ha line, 415 dark reversals of the D;, line and Dll displacements of the Ha 
line were recorded. They were distributed as follows:-— 



North. 

South. 

East. 

West. 

Bright reversals of Ha 

110 

75 

102 

83 

Dark reversals of D« 

22 

21 

28 

15 

Displacements of Ha 

57 

39 

41 

55 


All these figures are in excess as compai’ed with the previous half year. 71 of the displacements were 
towards red, 19 towards violet and d both ways simultaneously. 




Prominences projected on the disc as absorption markings. 

Photographs oi‘ the sun’s disc in Ha light Ave)‘e obtained on 141 days coniited as 132 effective days. The 
mean daily areas in millionths of the sun’s visible hemisphere, corrected for foreshortening, and the mean 
daily numbers are given below : — 

Areas. Numbers. 

North .... ... 1668 KrO 

South ... ... ... ... ... ... ... 1734 10‘8 


Total ... 3402 2()'8 

/ 

Both areas and numbers show an increase in the northern hemisphere, and a decrease in the south com- 
pared with 1918, as is shown also by the prominences at the limb. The total areas are slightly greater and 
numbers slightly less than were obtained for the previous half year ; this also is in agreement with the results 
for prominences at the limb. 

The distribution of the absoryjtion markings in latitude is shown in the accompanying diagram. 
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As in the case of prominences at the limb, the region of maximum actiyity shows a tendency to move 
towards the equator, more rapidly in the northern hemisphere than in the southern. 

For the first time since 191() the percentage of areas in the eastern hemisphere (d-D'Sf) per cent) is less than 
in the western. In the case of numbers the eastern percentage is 5(y29. 

Kodaikanal Observatory, J. EVERSHED, 

IWi Augud 1919. Director, Kodaikanal a.nd Madras Ohserva>tories. 




PinCE, 8 annas.] 


MAJDIIAS: PllINTl® BY THBI SUPERINTENDENT, OOVERNMENT PRESS— J 911). 



BULLETIN No. LXII. 


SUMMARY OF PBOMINENCB OBSEfiVATIONS FOE THE SBOONE 

HiVLE OF THE YEAR 1919. 

The distribution of pTOinineiices observed and pliotog.raphed during the luili'-year ending December 31st^ 
1919, is represented in the following diagram, in which the full line gives the mean daily areas and the broken 
line the mean daily numbers for each zone of of latitude. The ordinates represent tenths of a square 
minute of arc for the full line and numbers for the broken line. The means arc' competed for incomplete 
or impi'irfect observations, the total of 144 days being reduced to 115 effective days. 



The distribution indicates, as co.mpared with the previous half-y(;ar, a considerable increase of activity in 
the southern equatorial region. .In the noidh, three stones of activity have developed with maxima as shown 
in the diagram. 

,?81 
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The mean daily areas and numbers corrected (or iraperfect observations are given below 


North 

South 


Mean daily areas Mean daily 
(square minutes). numbers.' 


Total • • . 4’Or) 


Areas allow au increase of aliout 20 per cent ’ over tlie previous half-year. TMb increase is soitiewhat 
?']eatei foi the northern hemisphere than for tlie southern. For numbers there is a .general decrease aiiiouiitiiif^' 
to 17 per cent. The exces.s of areas in the southern hemisphere is still maintained but numbers show a slight 
nortlierii prepoinleriince. The southern prominences were slightly brighter than the northern. 

The monthly, quarterly and half-yearly areas and numbers, and the mean li eight and extent of the 
prominences are given in table 1. The unit of area is 1 square minute of arc. 

Table L — Abstract for the second half op .191!). - 



' 

Number 



Daily Means 

1 


Mon Ml 

of days 

Areas. 

Number, s. 



Mean 

Mean 


(effective). 




height. 

e.xtent. 




Areas. 

Numbers. 

// 


July 

15 

fib'f 

Kiil 


10-i) 

8J-4 

;)-02 

August 

•22 

7(f8 

185 

;)•();) 

8-4 

87-() 

8-85 

September 

15 

o7‘;5 

1()5» 

;)-82 

1D2 

82-‘> 

8(18 

October 

22 

'.)!)• 1 

28‘) 

4-fd 

18-1 

84-0 

8-2() 

November 

' 17 

7U'H 

21;) 

4-15 

1-2-5 

840 

2-9(i 

December 

24 

l()2-5 

28;j 

4-27 

n-8 

:)()-I 

.8-15 

'rhird quarter 

52 

1!).T5 

5*17 

8-72 

!)•!) 

84-0 

8-50 

Fourth quai'ter 

(i;5 

272-4 

785 

4-:)2 

12-5 

.84-7 

8-14 

►Second haif-yenr 



115 

4f)5-!) 

1;)02 

4-05 

J 1-8 

84-4 

;5-28 


Altlmiigh tlie mean luimliiTS Iwve diminished, the mean height and extent have inci'oased vesnlting in a 

-rease of the mean area. 


Dint/ribution emt and went of the axis. 

Botli ai-eas and irambers shew a large western preponderance lat will be seen from the following table 


1919 July to December. 


East. 1 .West. 

! 

Percentage east. 

Total number observed 


896 706 

45-77 

Total areas ill square miuute.s 

, 

221 •!) 244-(} 

47-68 


The eastern prominences were on the average slightly brighter than, the western. 



, - . M^taUic Prominenmii. 

The following metallic pi-fiminshceB were observed in the haU'-year 
T^BLB II.-LisT OF METAhUC PKOMINJiNCES OBSBRVED AT KODAIKAHAL, JUr.V TO DBCEMliER h9i«; 



Ijiiiib, 


W 

W 

E 

E 

E 

W 

E 


W 

w 

w 

E 

w 

w 

w 

w 


w 

E 

E 

E 

E 

E 

W 

E 


E 

E 

W 

E 

E 

W 

E 

W 


Bleiiiht. 


Lines. 


7,0 

m 

90 

,00 


.40 

f()0 

1 10 

10 

Jif) 

m 
■ 1,0 
1.0 


450 

.7,0 

7.0 

lao 

(50 

15 

40 

100 


.00 

4.0 

2.0 
40 
.‘55 
15 

40 

(50 


j>s, ba, hu rhOKI-H, .D„ D-,, (5(577. 
bp b„ h„ b„, .0;51(;'8. D„ .Da (5f577t 70(1.0. 

jo. bs, b.,, 1),,, .0H1(;'8. ,l>a, Da, (5(577. 
bj, bg, 1);,, b,|, ,081(1’8. Dj, Da, (5(177, 

Jb, ba, bj, 1 j.„ .081(5-8, D^, D™. 
bj, 1>2, b',„ b„, .0,-51(;-8, Dp Da 

B„D,. 

bi. bs, 1)!,. b,|, .0,8:l(l-,S, Di.Da, (1677. 

''*7(1(50 

jb. jb, ba. b.i, .0?5Ui-8, D„ Da, (5(577, 70(50. 
bi, bs, bs, b,|, .081 (r8, Di, Dn. 

bi, bs, bs, b,, Ds, Da. 

bfo >2, b;„ b.i, 0;5l(5-8, D,, D.. 
b,. b.,, b,„ b ,, ,0.81(l-8, Di, D“. 

501 (., i)x, bo, bs, bi, .081 (5'8, d;. Da. (1(577, 7p(50. 

^* 70(55 

bj, ba, b,s, b,i„ Di, Da bng'lit over ivlioUr 
‘ beight. 

bfobs-bs.b,. Di, D... 
b.!,ba, b,„ 1),, ,0.81 (5’H, D,, Do. 
bj, ba, bs, b,|,, 581(5'8, Dj, De. 
ba, 1>2, bs, bi, .081(5'8, Dx, dI 

lb, be, bs, l)i, .0.81G'8, D,i, .Da. 

b,i, 5.81 (5‘8, Dx, Do, (5(577, 

b'l, ba, bs, Dx, Da. 

bj, ba, ba, bi, .081(1'8, .Dj, Do. 

\h, ba, ba, bi, ,081 (1-8, Dx, Do', 

bx, ba, ba, bi, Di, Da, 

bi, ba, ba, bi, Di, Da. 

bj, 5>2, ba, bi, ,081 (5'8, Di. Da bright over whole 
hoi gilt. 

bi, ba, 1);„ bi, Di, Da. 

bi, ba, ba, Dx, Da. 


The. inetallic jorominences record etl obove 


North 

Sooth 


were (liHtributed in latitude as follows : 
Nuihburn, ' 


; « I 

24 i 


Mean 

latitude. 

ir'9 

17 ■(.) 


Extreme 

latitudes. 

(>'' and 31^*5 

3" and 


Total 


32 


17 were ob.served on the ea8t limb aind lo on the west. 
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table ; 


Displaoernents of the hydrogen lines. 

Particulars, of the displacements observed in the chromosphere and prominences are given in the followinS' 


Table III. 


August 


Latitude. 


North. South. 


H. M. 
8 4-2 
8 40 
8 88 

8 29 
n T) 

9 8 

9 45 
9 14 
9 2 

9 25 
9 46 
9 26 
9 28 
9 20 
9 15 

8 55 

9 27 
8 50 

10 50 

8 37 

8 35 
. 9 40 

9 ' 20 
9 30 
9 35 
9 14 
9 25 
8 55 

8 41 

9 50 
8 45 

8 32 

9 5 

9 58 
8 60 
9 0 

8 56 

11 25 


Slight 
I Slight 


Displacement. 


Violet. Both ways. 


Remarks. 


No prominence. 

In two or three places. 

At top in different places. 


No pi’ominence. 


To red at top ; to violet at base. 


At base. 

To red at base ; to violet at top. 
At top. 


To I'ed at, south end and violet at 
liorth end. 


September 


8 36 
8 42 
8 26 
8 51 
8 42 
S 45 
8 48 

8 35 
i) 40 

9 38 

8 56 

10 16 
10 3 

9 12 
8 52 


8’5 W 
E 


No prominence. 
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Date. 

Hour 

Lath 


I.S.T. 

North.ji 

1919. 

n. M. 

0 

September 15 

8 51 

16-5 

15 

8 44 


19 

9 38 

12 

19 

9 30 


21 

8 40 

2 

October 2 

8 5(5 

35f 

2 

8 52 

82f 

4 

11 50 


5 

8 2(5 

21 

(5 

11 10 


() 

8 55 

14 

6 

8 45 

42-5 

(5 

8 31 

59-5 

7 

9 30 

14 

7 

9 3(5 


7 

9 8 


7 

9 0 

35 

8 

9 22 


8 

9 1(5 


8 

9 1(1 


9 

8 50 

2()'5 

10 

8 35 

30-5 

10 

8 37 

(5 

11 

8 28 

1 

12 

9 20 

31 f 

13 

8 .34 

45'5 

15 

9 15 


15 

8 52 

75-5 

21 

8 45 

l(5f 

24 

8 59 

. 

2(5 

8 50 

82 

27 

8 31 

39 

27 

8 23 


27 

8 45 

10 

November 7 

10 0 


7 

9 58 

9 

9 

9 4 

24 

11 

8 30 

(55 

72*5 

11 

8 28 

15 

8 11 

h 

15 

8 28 


17 

8 32 

7 

20 

8 35 

(i 

21 

9 48 


22 

8 14 

8 

25 

8 40 

80 

2(5 

2(5 

8 35 


8 34 

1 

39 

27 

8 54 

27 

8 43 

17 

Decembei' I 

10 35 

1 

4 

9 2 

15 

4 

8 52 

81 

7 

8 35 

70 

9 

9 3 

8 

10 

8 48 

1 

10 

8 48 

1 

11 

8 30 

42 

12 

8 31 

7: 

17 

n 13 

(59 

17 

9 .3 

1(5 

21 

8 56 

13 

22 

H 39 

8: 


Limb. 


Diapliicemeiifc. 


B.ei)liarks. • 


i;-5 

(59 

14 


10 

18-5 

7()-5 

18'5 

7-5 


22 


b-f) 


E 

W 

E 

W 

W 

W 

W 

E 

W 

W 

W 

W 

W 

E 

E 

W 

W 

w 

w 

w 

w 

E 

B 

B 

W 

W 

B 

W 

w 

E 

W 

E 

B 

W 

W 

w 

w 

w 

w 

w 

w 

E 

w 

w 

w 

E 

w 

w 

E 

W 

W 

W 

w 

w 

B 

W 

W 

W 

w 

w 

B 

W 

W 


Red. 


A 

Slight 

Do. 

1 


Violet. ! Doth ways, j 


o 

‘2fj 

vSlight 


Of) 


4 

2-f) 

Slight 


Slight 

2 

Slight 

Slight 

Slight 


O-f) 


Slight 

Do. 

If 

Sligivt 

2 

To 

0-5 

Of) 


If 

.*5 

Slight 

1 


A 


0-5 

1 

Slight 

Do. 

Do. 

(5 


Slight 

Slight 

Do. 

Do. 

Do. 


Slight 

Do. 


Slight 

If 


: Of 

1 

< Slight 
i Do. 


If 

I 

Slight 

Do, 

Slight 

0-b 

Slight 

Slight 

1 

Slight 

1 

Slight 


At top 

‘At south end. 


To ved at top ; to violet at baMo. 


At base. 

I'o red at top ; to violet at base. 
At ba,so. 

Do. 


I. o red at top ovei' I}® atjd to violet at 
base. 


At, tt)]:». 

To red at top ; to violet ut base. 


At base. 
At base. 
A( top. 


At base. 

At top. 

Do. 

At base; 

At base. 

No promi nonce. 
At biise. 

At base. 


Date. 


19Ht. 

Decetnlier 


22 

25 

25 

25 

27 

27 


Hour. 

Latitude. 

Limb. 

T.S.T. 




North. 

South, 


T ■ ~ 

f 

j H. M. 

l> 



8 m 

i 

Bquiitor. 

W 

] B 42 


8 

E 

1 8 44 


17 

E 

i 8 3fi 


15 

W 

i 8 m 


18 

E 

i 8' 29 


42 

E 


Di.splacemeut. 


Red. 


A 


0;5 

Slight 


Violet. 

A 

2 

Slight, 


Remarks. 


Botli ways 

A 

Slisi'ht 


At top. 
At base. 


ilie tota] ninnbei' ol. displacements was 1.25 ol which one was on the ecjuacor and the r-est were distributed 
as follows 


Latitude. 
l°toa()° ... 


North’. 

81 

South. 

45 

81° to 60° 

• •• 

15 

4 

61° to 90° 



.20 

9 


Total .. 

.. ^ 66 

58 

East limb • • .i 


.. : . 4,2 


West limb 


: 88 



Total . . 

125 



ra displacements were towards the red and (l.^ towards vidlet. These inc,lude eight occasions in whici, 
the tiisplacements were to red and to violet in diflferent parts of the same prominence, o displacemoiits were 
both ways simiiltaneoiisly. 

The large decroMe in the number of displacements observed at the limb, lu, also in the , lumber of 

metallic prominences, is in part due to the nnsatiffactory obsjerviiig eoiiditions (luring the period under 
review. ' 

Reverml^ and ddsplramnmtH on the due. 

^ 1.1 1 bright reversals of the Ho, line, U dark reversals of the ’ D, line and S4 displacements of tlie tfo 

hue were recorded riming the half-year. All these are in defect compared with the previous luiU-vear d’lmi,. 
distrilmti on is shown, below : — ! ' 

•Bright reversals of lin . . . : 

Dark reversals of Dd 

Displacements of Hff ^ 

b5 ot the displacements were towards red, 15 towards violet and three holh ways sinmltaneously. 
Prorrvmenaes projected o-n the disc as ahsorption nia/iddnus. 

Fhotograplis of the sun’s disc in Ho light were obtained on l.ltl days counted as 1011 eltective days. The- 

ineau daily areas in milhouths of the sun’s visible beinisphere, corrected for toreshortening, and the mean 
daily numbers are given below ; — i ; t.. • mean 


North. Sou til. 

Ea.st . 

West. 

89 72 

58 

58 

() 1 8 

7 

7 

29 1 55 

’42 

42 


North 

Bonth 


Total 


Areas. 

1798 

1791 

8589 


,Niiniber.s. 

9*9 

9‘5 


19’4 


, 10.1 — elmdmiinhers a decrease in. 



M.iliiof'tlis of tKft Sun’s visiisle heTnispkere 
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’l’'he distribution in latitude is represented in the accompanying diagram. 



The absorption markings representing the denser prominences are distributed between the equator an<l 
latitude 1)0° north and south as in the case of prominences at the limb but with much more pronounced 
maxima at about latitude 20° north, and south than is Shown in the prominence diagram. The distribution is 
mlmost the same as in the previous half-year but the southern maximum has moved nearly 10'^ towards the 
eciuator and the region of slight activity previously shown between 50° and 150° south, has also (lecreased ten 
■degrees in latitude. 

Unlike prominences at the limb, both areas and numbers show an eastern excess, the percenhig-e east 
-being 5r98 for areas and 51’5t) for numbers. i 

Kodaikanal Observatory, j. EVERSIiED, 

IWi March 1920. Director, Kodaihmml and Madras Observatories. 
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BULLETIN No. LXIII. 




SOME PBATITEBS OF Ha DARK MARKINGS ON THE SUN, 

BY T. ROYDS, D.So. 


The dark markings seen in spectroheliograms of the snn taken with the Hi/ line form one of the most 
interesting features of the solar surface and one that has been least stvidied. Since the Ha speotroheliograph of 
the Kodaikanal ObserA^atory was first constmeted by Mr. Evershed he has carried ontinany minor imiH’OTements 
which enable a higher average qnality of photographs to be obtained, resnlting in a more perfect and more 
continnons series of Ha spectroheliograms than in the earlier days. Experience has also been gained in the 
preparation of red sensitive plates. It therefore seemed appropriate to nndertake a detailed study of the Ha- 
records now available at the Kodaikanal Observatory, and a commencement has been made on the photographs 
taken during the lialf-year January — June 1018, A still earlier period might have been taken, but it was 
thought advisable to begin with a period when there was considerable prominence activity in the polar regions 
(see Kodaikanal Observatory Bulletin No. LIX). , 

Even a casual inspection of Ha spectroheliograms reveals certain features which can hardly escape notice, 
and the present paper confines itself to these m.ore obvious features of the markings as exemplified in the 
spectroheliograms obtained during the half-year J antiary- -June 1918, leaving for another occasion those 
features requiring a more closely detailed examination. The remarks in this fiiper are therefiire concerned only 
with the following three imints which have not, so far as I am aware, been previonsly referred to by othei. 
workers : — ■ 

I. Tlie mean ilirections of Ha dark markings in different latitudes.* 

II. Tbe bright margins of Ha dark markings. 

HI. Absorption near the bases of prominences. 


1.— The mean dieeption of dark markings in different latitudes. 

Almost every spectroheliogram shows that nearly all dark markings have a more oi less lineai chaiaotu, 
this feature having led M. Deslandres to call them filaments Consequently it is not difficult to assign a 
definite directioti to each marking or. at any rate to different sections of its length. The tendency of ^ la w 
ings to lie along a parallel of latitude in latitudes higher than about 35° and to he along a meridian in 
eiinatorial regions can be gathered after a slight familiarity with the spectroheliograms. For a closer stu#, 
the average direction of the dark markings for each belt of 5° of latitude for the northern and southern hemis- 
pheres has been derived in the following way. Ip the course of the ordinary routine of the Observatory the 
(lark markings are copied by hand on to 8 inch charts on which are printed the lines of latitude and longitude 
referred to the central meridian at 5° intervals. From each of these charts of the first half of l.)18 the c irec- 
tion of the Ha markings in each belt of 5° latitude was read off, the areas having been previously measured on 
the photographs and corrected for foreshortening. For consistency, the direction was reckoned from that enc 
of the marking which, was nearer the equator ; thus one lying along a meridian was called N if in the northern. 


The direction of Ha nnirhingH is treated of in Kodaikanid Observatory Menioire, Tol I, part II, page 115*. 
t Aiinales de rObservatoire d’Aatronomie physique, Mendon, Tome IT, 
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hemisphere and S if in the southern. In the northern hemisphere, the markings were classified as E, ENE, 
NE, NNE, N, NNW, NW, WNW or W by estimation from the charts ■, in the southern hemisphere similarly 
from E to W by S. The only point of difficulty is whether a marking which lies exactly along a parallel of 
latitude shall be called E or W. In this discussion such a marking has been called E as if its eastern end had 
been slightly nearer the pole than its westei-n end ; this may not be strictly accurate but it is more accurate 
than dividing them etpially between E and W, for it will be seen that there is a large |)reponderance of mark- 
ings which incline themselves towards the east over those inclining towards the_ west. For example in the 
northern hemispliere the total area of markings during the half-year which wer-e classified as ENE, NE, and 
NNE was 1,447 tenths of a square minute, Avhilst that of markings WNW, NW, NNW was 410 only : similarly 
in the southern hemisphere those E8E, SE, and SSE totalled 10,24 tenths of a S(iuare minute whilst those 
WSW, &W, and S&W were only 420. Markings whose direction was indeterminate owing to tlieir appearing as 
dots or as irregular i;)atches were omitted, as also a number of 'markings of insignificant sin;e as well as those in 
the highest latitudes where markings are so infrequent that their average directions during a period of only six 
months cannot be relied on. The area of markings omitted on all accounts was, liowever, only 15 per cent of 
the total. 

Briefly, what has been done is, in effect, to place the Hn markings in each belt of 5“ end to end so as to 
form one long irregular marking and to draw a line from the l)eginuing of this long marking to the enel : this 
only diff'eis from what was actually done in that the areas of the markings were taken and not their lengths. 

The average direction of the Fla markings in each belt is shown in figure 1 and in table I, the lengths of 
the lines in the figure being proportional to the vector sum of the areas. The total areas in each belt quite 
independent of their direction is given also in table I and it will be seen by comparing this total witli the 
vector sum that the markings deviating from the average direction do not forma large proinortibii. 

mcUNAtlON I AREAS of Ho, AIARKINCS 

FOR EACH BELT ofS' 
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TABLE l.—Mt an direBioii. oj dark }ri(trkin(/ii in dBj'erent latitnda^. 


North Latitudes 

0 "-5" 

5 "-10" 


m 

2.5" 

2i5«— 30' 


!!.5«— 10“ 

■10»-1.5" 

1 

45^—500 

! 

i . 

55" — liO' 


Total areas in 

Ml!) 

! 

478 

I)M4 

H 

40(1 



577 

225 

0:5 

MO 

11 


Vector smu 

! or-* 
if) 1 

.■57;> 

.705 

M().5 

■ 

M.5(l 

275 

482 

200 , 

00 

27 

9 


Aleaii direction (nortli of east). 


81 

7M0 

r)5‘> 

47" 


MM'* 

21‘> 

18" 

8" . 

1.5" 

0" 


Sottth latitudes 

11"— 5" 

i 

10"-. Ill'* 

1,5 0— .1*0" 

2(1"— 2.5" 

! 

2,5"— 30" 

‘d()(! 

30 "-3.5" 

11.5"— iO" 

,10 "—45" 

1:5 "-50" 

1.M2 

50" — .5.5" 

j 

.55“— (!()" 

00 "-05 

Total ai‘eas in 

MSS 

M)S4 

:w:5 

441 

M.5(i 

M24, 

2()8 

1.52 

l.MO 

48 

10 

Vector sum 

M!)() 

' 27 \) 

B 

:507 

•2KI 

'AIM 

2()7 

212 

11 4 



44 ■ 

■ :U) 

Mean diveeiioii (south ot oast) 

S(P 


1)1'^ 

(!()" 

M(P 

47" 

42" , 

28" 

21" 

12" 

<)0 

1" 

0" 


The clue;!: I'eatnees o:f the reHultw Blinwn in hgure 1 Hi*e. (i) tliat in both lieniisplteres the lUiu-kiuH'S incline 


tliemselvea to tlui euMt uud (ii) that iiH one iniswes I'roin the e<iniitoi.‘ tlu! averiige direction o:(; niarkingB cliangeB 
from a poHition aJong a mei'idian l>y ivicliiuiiM' more and :inore' towardB the eant nntiriii the higher latitudeB 
they lie practically along a parallel of latitude. These features of Hr/, markings seeining to i:)roftn' one direc- 
tion yarying with latitude over another, and that always to the east' can, he iicconnted for hy the polar retarda- 
tion of the angular velocity of rotation of the sun ; hnt this by itself is not snilicient for it reriuires that the 
age of the nuuicin.g in dill'c'ceni latitudes is e<irud to that reriuired to produce tin* (“asterly drift of its polar end 
which is indicated in lignre I. If Hr/ niarkings are (if short (luration they will liave disapiieared before the 


end nearer tlie poles have acaruired any aptireciahle easterly drift,; if, however, they are of consideralilo duration 
it is easy to see that as the ago of the marking increase^ the end winch is in a higher latitude and consetiiienily 
rotating more slowly, will gradually drift towai*ds the east relative to the end in the lower latitude. It should 
however be stipulat(Ml that tlie age of the marking in this sense does not necessarily :mean the lengtli of time 
the marking is visilile, for if the origin of an H// marking is oi)c‘rating invisibly for a consideralile time before 
the Ha marking becomes visible at the surface the iiastcrn tendency of H// ;markings would still be i)rodiiced. 

Let us examine wliat niust he the “age” of Hr/ markings (in the above sense) in dill'erent latitudes to 
produce the inclinations observed in ligure ,1. These* are given in table H. The polar retardation operating 
has been supposed to tliat given by Adams for tire reversing layer^ ; tin*, ages deduced vary from about (S 
days in the lielt O'-’ — 10^’ toalj'Jut IIO days in the belt df)'"'— 1)5"’. If the polar retardation had been taken from 
Adams’ values for the H// line, the ages deduced would have ranged from 22 to 21)0 days. 


Table II. 


Latitude ■ ... 

(f— 10“ 

10" 20“ 

2(1", ~:55“ 

M5"-45" 

45°-05" 

Mean directi ous N aiid S 

84"*5 

0M“‘5 

4.,()" 

22° 

9“ 

Easterly longitudinal drift per diem ... 

0"*JJ 

0“*M(1 

0«*74 

0"*00 

1“-12 

■ Age ” of Hu markings in days 

7*9 days 

. ! 

lO'O 

24*1 

41*0 

110 


AduniH, I’apei’s of the Mt. Wihou Observatory, Vol. I, Part I. 





















The question now arises as to whether the “ ages ” shown in table II correspond with any exactitude witli 
the duration of Hci: markings as observed in the' daily spectrdheliograins. It is 'not, however, easy to determine 
exactly the ai^erage duration of markings foi' several reasons, chief among which are (1) the fact that there 
are sometimes gaps' of several days in the TLa recorfl o\\^ing to bad weather, (-2) the fact -that it is often difficult 
to decide whether a markiiig which has reappeared at the eastern limb is identicahwith one which disappeared 
at the -ivestern limb or a new birth in approximately the same position, ^f or seldom does' a marking reappear 
with characteristics which can be definitely correlated' with its features when it disappeared at tlie western 
limb and (3) the fact that many markings are born on the invisible side of the sun before they appeal* at tlie 
eastern limb, and many die there also after disappearing at the western limb. The spectroheliograms for tlie 
half-year have however bban examined in order to ascertain whether the duration of Ha markings is con- 
sistent with the “ age ” deduced in table II. In the northern hemisphere an average duration of 25 days was 
found and in the southern, 10 days. These values are not so consistent with each other as, possibly, they 
might have been if a longer period had been taken, but at any rate it suffices for the- present to have found no 
appearance of any tendency for m‘arkings in high latitudes to last longer than those in low latitiules. ' Con- 
sequently if polar retardation of the sun’s rotation is the sole cause of the easterly tendency of Ha markings, 
the logical conclusion seems to be that in high latitudes the disturbance which finally appears as a dai*k marking 
is operating long before the marking becomes visible. ^ ' - 

II. — Bright Margins' 'of Ha Markings. ' 

■When an ,Ha dark marking is near the limb the side of the marking which is nearer the centre is almost 
invariably bound, ed by a bright marking, extending for practically the whole lehgtli of that side of the dark 
marking. G-enerally there is no bright marking visible on the side nearest the limf). A good example is 
shoyvn in figure 2 which is, an enlargement of a portion of a spectrblieliogram taken bn 'February tl,bit l()»i 
I.S.T. A pothook-sliaped marking is near the e*ast limb and the side nearest to the centre of the sub’s disc 
is seen to have a wellmarked bright margin. When a dark marking is at the east limb the western side has tlie 
bright margin, when at the west limb the eastern side shows the bright margin. These bright margins are 
very noticeable only when the marking is near the limb but they cmi generally. seen, in markings all over 
the discAhough they are much less marked and are not always there seen along the, whole length of the dark 
max’kmg. -The, ready visibility of the bright margin when the marking is near the lirnb is probably due to 
scattering in the .dower layers. , At a ceidain distance from, the limh varying for different markings it can be 
Seen that although the contrast around the bright margin is becoming less, a bright margin begins to appear 
also , on the limb side of the dark marking. The same marking shown on figure 2 is seen again on February 
12th in figure 3 when the vertical, portion is near the centre of the sun’s disc. Although possibly not showing 
in the reproduction there is now clearly visible in the priginal a bright margin on each side of the dark mark- 
ing . extending for most of. the length of the dark marking but it will be seen with how much less contrast 
compared with figure 2. The width of the bright margins in these photographs is about equal to that of the 
dark marking and they are not appreciably wider than here shown even with much broader dark markings. 

Since the bright margins, are seen on qpporite si^ep of the dark marking a, t the two limbs, and on both 
sides, though with reduced coptrast, when near the centre of the disc, it is concluded that they are in existence 
on both sides all the time but that when near the limb- the bright margin on the limb side is obscured by the 
dark; marking which reaches to a higher level. Two facts go to confirm this interpretation, viz., (1) if a dark 
marking near the limb happens to be directed approxixp.ately, radially to the^ centre of the disc the two sides are 
seen to have bright margins ; and (2) if a marking near tlie limb is sinuous in shape, the bright margin is seen 
to seek the side nearest the centre. , . : 

The height of the dark marking .above its bright margins can b edednced from the distance of the marking 
from the centre of the disc when the bright margin on the : limb side begins ; to be, upcovered by the dark 
marking (when* east of the central-meridian) or covered (when west). F.or. any particplar niarking the distance 
at which tlie bright margin on dhe limb side begins (or ceases) to akpear cannot fil,wayS |b,e exactly determinefi 
because, firstly, as 'the- marfemg-approaches the centre although -it. may not be difficult to say, when the, bright 
margin on the limb side has become visible,, the contrast is considerably reduced, so that to say when the bright 



margin begins (or ceases) to appear, is nat’so. easj^ ; a,iicl secondly, even ajb the best, the successiye,spectrohelio- 


grams represent intervals of one day. A large number .of markings seen, during the half-year have however 
been examined, particularly those which lie approximately at right angles to the solar radius, and although 
there is considerable variation among thepl the bright margin on the limb side was never obscured when within 
about. 30° of the centre of the sun’s disc, : The average width of the bright margins measured was about ()‘22 rnm, 
the sun’s diameter being GO mm. Taking this as being completely obscured when, beyond 30° from the 
centre, it follows that the height to which a ..dark; marking towers over its bright margins is equal to 0*22 X 
\/2 = '311 mm which is equivalent to 10" of arc. 

Having now obtained a measure of the relative, heights of the ..dark .markings and their l)right margins it is 
important to fix their level in the sun, but there is very little evidence to settle, this point. From what follows 
in section III of this paper it will however be seen that -absorption is frequently seen at, the, bases only of pro- 
minences at the limb, i.e., just abo ve the chromosphere, fro in which ,we. conclude that the liright margins of the 
marking do not reach higher than the chromosphere j for if they did they would mask this absorption, 
Hence although the evidence is very meagre we will.ta,ke. it for the present that the. bright margins of 
markings are situated in the chromosphere and consequently that the dark markings j do not generally reach 
higher than 10" above the chromosphere. . . , , . . . 

It is hardly probable that the bright Ha structure exists only at the margins, of, the Eta. dark marking, but 


rather that it extends also right across, but underneath, the whole width of the dark marking forming a base on 
which the dark marking forms a narrower superstructure.! ; .. 


.Perhaps a word should be said as to the relative frequency of occuri’ence of dark markings unaccompanied 
by bright margins on either side. A good deal depends- of course on the quality of the pliot0gra.phs, for good 
definition, accurate focussing anti good contrast in the plate are all requisite for there to he much chance 'of 
seeing the bright margins especially if the maidcing is not near the limb. It is estimated, however, that 
only in about 15 per cent of the total dark markings obser ved aW^ bright mhfgiiis abs6niv wlion the qitlilily of tbb' 
photographs would lead one to expect them to be visible- 


ill— A bborbtion AT THE. BASES OF PI|,GMT]S|BNCES. 


The brightest of the proihinences at the limb of ’thestrii Chu geiiefally be seen in Hd. -spectrolieliograms of- 
the solar disc, provided the sky is clear and the plate is hot underexposed. In a number of 'prominences' seen- 
thus, there can be seen a dark strip, suggesting absorption, near the bjise of the prominence, giving the appear--^ 
ance that the prominence, or part of it, is cut off from the'dis'e at its liase. 'Such cases are illustrated in -figure 4, 
February 1, 1918, 8'‘ 13"'; figure 5, February 1, 1918, -9'^ 2G"'r figure tb March Ty ll"'. - CJonskler- 

ing the difficulties which may lie expected in phot'ogi’aiilimg a phenomenon of this kind,- prominences', 
showing this characteristic are of surprisingly frequent' occuvrtiiiCe ; exactly how frequent is chiefly a mUtteF 
of the quality of the photographs but an idea may be gained from the fact- that of 103 promin-ehces seen on, 
Ha plates during the three months January to March 1'9 18,' absorption was visilile n't the bases tif 37, of 'which. 
14 were doubtful. ' ■' ' ..... ... , 

Certain features of the phenomenon illustrated in the above figirres inust be closely examined before prb-^'' 
ceeding further. Firstly, as to whether the absorpflob'' iS taking place just inside the limb or is actually 
absorption of the prominence outside the limb. An examihatioh of the photographs reproduced will -suffic'e 4.0' 
Settle the point. In figure 4, February I, 1918; 8'' i‘3® there' is fiO doubt that- the absorption near’ the ■ 
middle of the prominence is not bn the disc but on the pr^liimnence ; in this case thete 'extends’froin this iniddl'e v 
region to the southern end of the prominence a mucli iidfrb\ver absorption line (possibly not visible in the 
reproduction) which also is on the prominence. In figure 5, February 1, 1918, 9’^' BG*", the abSo'iptiou begins 
on the prominence at the southern end but as it runs towards the northern end coineS on to the disc. Such 
cases of absorption clearly on the prominence and off 'the djso could .easily., be .multiplied. The. differences 
between the two photographs on February 1 would appbar to be. rather changes in the prominence than due to 
a changed aspect' on account of the rotation of the sun in the intervah between them. In figure, G;?, Marph. 4, . 


1918^ the absorption is partly on the disc and partly on the prominence;. There is, of eoursei. up . difficult y-in 
finding cases in which the absorption is completely -inside the limb where a prominence may be seen, and is . 
really an absorption of light from the disc just as in any -Ha dark marking seen near the centre of tb 
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Secondly there can be no reasonable donbt that the dark strip at the base of such prominences 
as illustrated are produced by absorxjtion for they frequently are continuous with absorption on the disc. It 
is conceivable that a prominence floating just above the chromosphere would have the same appearance as 
many of these cases but the occurrence is too frequent and too much alike in its general features to be due to 
floating prominences in every case ; moreover the prominence photographs in calcium light show that the 
prominences under discussion are not floating. The (luestion of the possibility of their being spurious, due, 
say, to the tiemor of the suns disc has been considered but no adequate reason for the unreality of the 
phenomenon can be conjectured. 

the general features of the absorption at the bases of prominences are very similar in the different cases, 
'there is a dark narrow strip extending along the base of the prominence and is seen never higher than just 
outside the sun s limb although it may be seen either iiartly on the disc and partly on the prominence or on 
the disc just inside the limb as may be expected if the base of the prominence is not exactly at the limb at the 
time of the pliotograph. It is therefore concluded that when the phenomenon is exactly at the limb the 
absorption is taking place just above the chromosphere. The average width of the absorption strip may be 
taken as about '20 mm with a (U) mni diameter of the sun, which corresponds to iri" of arc, rejiresenting tlu' 
height above the chi’omosphere to which the absorption extends. 

The absortition tyihlied in figures 4, 5 and G may not be of a different character from that discussed, by 
Tubs 1 who however si)eaks rather of absorption reaching to any level above the limb, but I would regard the 
latter cases as' peculiar' to tlie particular prominence whereas the ahsoi'ption at the bases is typical of all promi- 
nences seen under favonralile conditions. 

riie. exact relation ot an Hn dark marking with the prominence almost invariably visible wlien the 
marking reaches tin', limb lias been an interesting (luestion ever since the markings wei*e first pliotographed. 
1 he fii'st assumptitm naturally was that the dark marking on the disc and the prominence at the limb were* 
merely different asiiects of the same thing, but as it was found that prominences or parts of tliem (,lo not 
always show as Hrz markings, and vice versa, this could not he wliolly true. Tlie hypotliesis that dai-k 
markings represent the cooler jiarts of the prominences also will not lit the facts. It has therefore hei'ii 
supposed, by Mr. j^vershwl and possibly by others also, that not all parts of prominences contain sufficient 
hydrogen to effect aip.ireciable absorption of the phntospheric light, and that only the denser [)arts of iiromi- 
nences will show as absorption markings, 

We will now see what additional information on this (luestion is afforded by the phenomena described in 
the above sections II and III. In the light of this information a typical prominence is imagined to be consti- 
tuted as foUows. A prominence has its base in a region of high temiierature probalily at the eliromosplieriv! 
hivel emitting light more strongly than the surrounding chromosphere. The prominence is cooler tlian this 
base and indeed cooler than^ the general chromosphere. When the prominence is near the centre of the disc it 
alisorbs lla light emerging from the chromosphere, hut only in those portions where there is sufficient amoimi 
oi hydrogen to effect appreciable absorption ; these portions will coiiseiiuently appear as a dark marking with 
bright margins on each side due to the emission from the base. When the prominence is seen in profile at tln^ 
limb, uljsorption is taking place under somewhat different conditions owing to the changed aspect ; instead of 
the denser portions of the prominence absorbing light from the chromosphere we now have the outer and 
cooler poiTions of the prominence absorbing the light from the inner and hotter region but only near the base 
does the light traverse sufficient thickness to suffer appreciable absorption. 

I am greatly indebted to Mr. Evershed, p.r.s., for his criticism and suggestions and also to the various 
members of the staff who were on spectroheliograph. duty during the half-year under consideration. 

SUMMARY. 

The average clirectimi of Ucc dark markings changes from a direction along a meridian in equatorial 
regions by steadily inclining more and more towards the east until in latitudes higher than about 35° the 
mark ings he nearly along a parallel of latitude. These features can be explained by the polar retardation of 
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Pig. 2. 11 a (liU'k marking on Pel). 6, 
1918. Hliowing bright margin 
on side rartlicr from tlio limb. 


Fig. 4. Feb. 1, 1918. Fig. 5. Feb. 1, 1918. Pig. 6. Mar. 4, 1918. 

j.jb- 26 “^’ 

Figs. 4 — 6 are examples of II a prominences at the limb showing absorption 
near their bases. 
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-Fig. 8. The sa.nie marking nc-ar tlu^ 
central meridian on P'eb. 12, 
1918. Firiglit margins are 
visible in places on both sides 
bnt with nmcl) less contrast. 
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the rotation of the sun, but tliis reciuires that the age of the dark markings should vary from about 8 days 
near the equator to about IK) days in latitude 55° The observed duration of Hr/, markings is consistent with 
the above value for equatorial regions but there seems no evidence of longer duration in higher latitudes. 

2. Dark markings near the liinl) are seen to have almost invariably a bright margin on the side nearest the 
centre. Since a bright margin appears on oi)posite sides of the dark marking at the two limbs, and on both 
sides, though with reduced contrast, when near the centre of the disc, it is concluded that tliey are in existence 
on both sides all the time but that when near the limb, the bright margin on the limb side is obscured by the 
dark marking which reaches to a higher level. From the distance from the centre of the disc at wliich the 
bright margin on the limb side becomes visible and its width when near the centre of the disc it is deduced 
that the dark marking reaches to a. height rarely more than 10" above the level of the bright margin, and 
that parts of a prominence al)ove a height of al:)ont 10" do not contain snlhcient hydrogen to exercise 
appreciable absorption of the light from the disc. 

3. A narrow absorption strip at the base of prominences in i)rolile at the limb is seen in iiiore than 25 per 
cent of the total number of iirominences photographed in Hr/, light and would appear to be typical of the 
majority of prominences when theii* l)ase is exactly at the limb. This absorption strip has a, width of about 
0" and it is concluded that only up to this height is there sufficient hydrogen in the outer and cooler 
portions to elfe.(t absorj)tion of light from the inner portions of the prominence. 

Kodaikanal Observatory, T. KOYDS, 

5/7/ A //////., s7 K)2(b .4/77'//// .Dvrrdor. 
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ON THE DISPLACEMENTS OF THE TRIPLET BANDS NEAR XB883 

IN THE SOLAR SPECTRITM. 


By J. EVKRSHHD, f.e.s. 

ervatory BulletiuNo. ,-}<) somo measiipcs are givtn of tlio dispiacimc-iits at the oc-nipe of 
of the triplet bands between 387(5 and 388tl. The mean value of these and of three 
separate lines attributed liy Rowland to carbon was + ()’0()45 A, according to measures by the writer. If to this 
.is added the vahre, 4- ()’()(),2 A, fonnd by Adams for the shift limb — centre for these bands the total shift 
limb arc amounts to + 0’()0(5,5 A, a value approxiinatinf*' to the shift predicted by Einstein which for this 
region of the spectrum is + 0’0()82 A. 

More recent measures of these bands by fch. ,Tohn‘”' indicated very much smaller shifts, the mean being 
+•0 0018 A, at the centre of the disc, or less than one half the value obtained at Koijaikanal. St. John also 
measured 43 single lines of the carbon arc spectrum in the same region including 18 lines of intensities 
ranging from 2 to 4 and 25 lines of intensities between 00 and 1 of Rowland’s Preliminary Table. TlitFe gave 
large individual dilferences, the shifts of the stronger lines, Him — are, ranging from + O'OOO A to — 0*003 A,, 
and the weaker lines from + 0‘004 A to — ()’003 A. The mean value for the strongi-r lines was + 0*0(.)24 A,, 
and for the weaker lines + 0“0()0(S A. At the Sun’s limb Ins measures of 18 of the same serits of stiongtr 
lines gave a mean value + 0*0037 A, whilst his means for 17 lines of the fainter series w'as Koro. 

With a view to clearing up this discrepancy between the Kodaikanal and hloiint Wilson intasurcs a new 
series of photographs was secured at Kodaikanal in March and April 1918. Thesi' wore obtained with th(‘ large 
spectrograph described in Kodaikanal Observatory Bulletin No. 3(5, using the Anderson (5-inch grating with a 
ruling of 75,000 lines. Fourth order spectra were photograi>hcd at the centre of the disc, but most of the limb 
spectra were taken in tin,' third order. The linear dispersion is 0*48 A. per millimeter in the fonrtli order and 
0*79 A per millimeter in the third order. The definition in both orders is very fine, and there is no trace of 
astigmatism. Thc' hand 3880*53 is partially resolved in the arc spectra of the fourth order, the triplets on the- 
more refrangible side of tins bMng clearly resolved. 

Great care was taken to obtain plates only in the clearest possible sky when no trace of scattered white 
light was visible near the Hun ; in all cases also the altitude of the Hun exceeded (50°. The wave lengths of 
lines which are shifted tewards red at the limb are reduced by scattered light, which superposes light from the 
centre of the disc, aiid this is especially liable to occur in the ultra-violet region where the scattering is greater- 
than in the visible region. 

The usual reflecting device was used for simultaneous exposures on Hun and arc, care being taken to insure 
the complete illumination of the grating by light from both sources. The slit widtii was between 0*010 mm. 
and 0*015 mm. with a collimator Ions of 1' <o" focus. 

In photographing the polar limb spectra the time was computed beforehand and for each day when the 
vertical diameter of the Sun’s image projected by the siderostat coincided with the solar axis. This is easily 
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■<ion6 and withoiit any chance oi mistakes by means of the tables constr-ucted for^he spectroheliograph work. 
Photographs were then made of the North and South polar limbs alternately as near to the computed time as 
piacticable. Foi the fourth order plates exposures of 2 minutes on Sun and 3 minutes on arc were found 
sufficient at the centre of the disc, and for the limb spectra in the third order the exposures were about 5 
minutes on the Sun and 1 minute on the arc. 


The bun s image enlarged to a diameter of 80 millimeters was projected on to an engTaved plate placed in 
front of the spectrograph slit. A hole in the plate 1 mm. in diameter and 1 rnrn. irrside the limb admitted 
light to the slit. This hole was also the centre of a circle of 40 mm. radius upon which the image could be 
•centred when photographing the centre of the disc. . 

The limb specffia represerrt poirits on the Sun 1/40 of the radius within the limb, the exact heliographic^ 
■co-ortlinates of which may be computed, using the middle time of exposure to deterrnirae the position angle of 
the slit on the Sun s disc. As they were mostly taken very near to the north or south polar limbs the correc- 
tions for the solar rotation are very small or zero, but in all cases where the point photographed was at an 
.appreciable distance from the Sun’s axis the component in the line of sight of the solar synodic rotation was 
•computed by tlm formula V = [r507 cos <P + 0-546 cos=^ 0 - C] sin A cos The velocity thus obtained 
was added algebraically to the velocities due to the Earth’s orbital and diurnal movements and the resultant 
velocity expressed in angstroms applied to correct the measured displacements. 


The Earth’s orbital motion in the direction of the Sun is determined from the daily values of the radius 
vector given in the Nautical Almanac and the comp(^ent of the diurnal motion from the formula Velocity in 
Km/sec = 0‘464 cos cos ^ sin. T, / 


The proper selection of lines or bands which may be supposed to be unaffected by the presence of super- 
posed lines of other substances is not very easy. After a careful comparison of the arc and solar lines I 
originally selected the thirty lines or bands given in the following list, taken from Rowland’s table 
■of solar lines. 



A. 

Origin. 

Intensity. 


3819d97 


C 

1 Ncl 


3819-346 • 

1 < • • ... 

C 

1 

3876’56()-l 
-622 ' 

-412 

J ... 

c 

1 

0 

3822-406 

I 

c 

3877-687 [ 

•470 

J 

c 

0 

•646 ) 

3830-745 


c 

0, 

3879-3311 

•394 

•801 


c 

0 

3831-174 

«• ... . . 

c~ 

3d 

•458 

3835-298' 


c 

0 

3879-7161 

•342 


c 

0 

■796 

3836-639' 


c 

1 

•851 

■689. 


0 

1 

3880-1051 

3844; 378 


c 

4cl V 

•175 

3845-149 


c 

1 

•235 

3846-777 


c 

1 

3880-4651 

•814 


c 

1 

•532 

3851-427 


c 

2 Nd ? 

•596 

3852-541 


c ? 

2 Nd y 

3880-815 ] 
•931 1 

3858'822 


c 

2N 

3862*627 
3863 '533 


c ? 
c 

2 

3N 

3 

3881-140 [ 
■ -254 J 

3864-438 


c 

3881-445 ] 

3865-282 


c? 

3 

•543 J 

3868-873] 


c 

1 

3881-729] 

•941 1 
3869-179 

... 

0 

c 

0 

0 

•825 J 

•305/ 

3872-312 



c 

0 

1 

0 



Origin. 


.. C 
C 
C 
G 
C 
0 
c: 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 


Intensity. 


(.) 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

2 

1 

1 

1 

1 

1 

2 

1 

1 

1 
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In nidiking up tliis list I was guidotl miiiiily by tliG agreGmeiit in rGlativG iiitcnsity b£‘twG6n*tliG linGS in tb.G" 
carbon arc and tlie corresponding lines in the Sun as judg'ed by superposing the arc images on the absorption 
lines in the solar spectrum and observing the ‘ fit ’ of the lines and bands when the arc spectrum has been made 
a suitable density. Many of the lines ineasurcM by St. John were rejected because of the want of agreement in 
relative intensities or, in the case of the fainter lines measured by him because of the inherent difficulty of 
measurement especially in the limb spectra. The list includes allot those given in St. John’s table 1 B, 
consisting of his stronger lines and partially resolved triplets, excepting the following 

. A 

a84trij) 


J853-(i2j 

385tr8.() 

38t.;t)‘M 


Reiusoii For e.xdusiou 
Relatively too strong in Sun 


Difficult to measure satisfactorily 
Diffused towards violet in Sun 

I also exclude the lines 3871! ‘448 and 3877*481 giving ' a shift towards violet at the centre of the disc,. 
^ because they are relatively too strong in the Sun. . . , ’ 

M/plates are somewhat underexposed towards tlie mt)re refrangible end, and tins is an added i-eason for 
confining attention to tlie less refrangil)le bands and stronger lines. 

A preliminary set of measures of some of the plates was made by the late Mr. R. ,1. Pocock, whose mean 
results Sun — arc may lie briefly summarised as follows ‘ s 

North limb plates ••• ... ... Ai*' + 0'004 A 

Bouth linili plates ^ ••• ••• ••• ••• •" + 0*008 A 

(lentre of Disc •■• / ... ... ... ' i + 0*004 A 

In a tU'-tailed comparison of hife measures with those, oi’ Bt. John we found that there- wfis a general agreement 
in the case of St. John’s direct mefisures of Bun ” arc, and for the. lines in his table 1. B, but larger values were 
found for the triplet bands near /3883 which were more ‘pearly in jigreement with tlie original Kodaikanal 
measures quoted at the -beginning of this paper. '' 

In the .measures now to be recorded I have practically confined attention to the triplet bands in the first 
head, for which Pocock’s resiffis differed, from Bt. John. This series gives .fairly accordant values of the dis- 
placement at the Bun’s linibl%)ut as in all Bun ~ arc measures the mean result o:l: al,l tlui lines oi* bands on 
plates taken on different dates show discordances largely in excess of the probable error of measiireme.nt. It 
is desirable therefore to reduce to a niininiuni the time spOnjton any one plate. 

Two methods <)f ineasureinent have been ado iiffid. Th(3 limb spectra have all been measiwed by the 
ordinary method ^of bisection, with a single thread ihade approximately parallel to the spectrum, lines by 
tangent screw adjustment. Tlie centre of (lisc plates, in which the triplet bands are partially resolved in the 
Sun, were nu-iasiircstiby the negative on negative inethoil, which can be used with great effect when suitable 
duplicate negatives havMieen secured. In this two similar negatives A and B are placed film to film in the 
positive on negative micrometer, Init are not reveratxl end for end. ..They are displaced laterally, so that the 
arc lines of .A are superposed on. the solar lines of B, and i'vhv) n^-^j^The .movement required to produce 
alternate coincidences measures the double displacement of the solar lines with reference to the arc lines. Tins 
^method is especially suitable for measuring the stronger unresolved, or partly resolved, bands, but not for faint 
single lines. As ' in the positive on negative method uKed for ! other Sun - arc Bjiectra, und'for solar 1 rotation 
speetrq, the negative on negative measures are found to give slightly smaller values of, the displacements than 
the hisection method/': , This I consider may he due to ifii unconscious systematic overestimate: of a small dis - 
placement when ineasuring by the ordinary method. It is not known liow the discordance may vary With the 
amount of the displacement, but the effect on a measured displacement of'o*()15 mih. is about 1(5 per cent, and in 
the present series of measures where the correction for motion is subtractive the difference between ordinary 
and negative on negative measures in the residual shift amounts to about gO per cent. If vto consider the 
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negative on negative inetliod to be more trustworthy an approximate Gorrection may be applied to the iheasiires 
made by the ordinary method, oorresponding to a reduetion-of the shift by about. one-fifth of its amount. 

. . Remits , for thfi centre of the Rim\s disc.~l now give in table I on page ;103 the results of the measures of 
twelve centre of disc plates measured in six. pairs by the negative on negative, method. -The mean shift Sun -r- 
•arc for each of the bands is given in the last column, and the mean shift for all the bands in each pair of plates 

at, the. foot of the. columns. The general mean is- very nearly + 0‘004 Aif the anomalous result for April (1 is 
omitted or + 0'()0;-1 A if it is included. , - , 

The, means for the individual bands, excepting one, vary from + 0'0()2 A to +'0‘005 A. The exception, 
•387.) 79, giving a zero shift needs further study. In our previous measures and in those of St. .John the less 
refrangible portion of this liand has a shift of + ()-()03 A, and the difference may be due to the fact that in the 
negative on negative, measures the entire triplet is measured as one line, Avhereas in the bisection measures the 
more refrangible .single line 38797,I(“) of Rowland was omitted. This line (Series Ai of Uhler and Patterson) 
may ^ give a negative shift, as appears to be the case also with the lines of the same series at 3877'481 and 
-887() 448. These two lines were omitted from the present measures because their intensities and their positions 
relative to the doublets of the As series differ markedly in Sun and arc. This is clearly shown by comparing 
t le intensities and Avave-lengtlis in Rowland’s “ Preliminary Table ” with the table of carbon arc Avave-lengths 
of Uhler and Patterson the intensity of each is relatively too great in the Sun and they are displaced 
toAAm-ds violet 0 0.11 A and 0’()08 A respectively. It seems most probable that these lines are blended Avith lines 
o other elements, othei-Avise it has to. be supposed that under solar conditions there is some special perturbation 

intensities of these particulai* lilies of the A,, series, including possibly the line 
.1879 71b, but not other lines in the same series. 

m component of the triplet at 3879:89 .appears to be blended with another, line on its 

led side but this can have little or, no effect on, the p,osition of the band as a whole. 

_ . The .mean shifts for all the bands show; a fair accordance on „th,e 'different dates, excepting April (i which 

yields a zero result. ^ This is not due to imperfect centring of the Sup's. image on the slit* fp,!,* a .maladjustment 

to about t) mm. toAvards the east side would be required to. neutralise by the solar rotation the mean 

Shift towards red of 0'0087 A giyen by the other plates. Our long, series of measures of Sun ™ Pe arc often 

lave s iOAvn similar anomalies, due probably to local ascending currents at the centre of the disc ; and we 'have 

recently proved that the spectrum lines maybe locally displaced by small amounts at thecentre as Well osun 
other parts of the disc. tiuahwen as in 

M^suies by the negative on negative method have also been made of nine lines in the more refrangible 
region. The mean results for eight plates, including the pair of April 6 giving Ioav values is as folloAvs 


|,m81’174 ... 
38.86-6,89 1 ... 

•689 J ... 
3844-.878 ... 
.8845-149 ... 
3846-777 1 ... 

•814 J ... 
3861-427 ... 
3852-541 ... 
.8868-873 1 ... 

•941 J ... 
3869-179 1 ... 
•305 j .... 


Origin. 


Intensity. 


Sun 


arc in 


10 , 000 . 


d •? 


3 d 
1 
1 

4 
1 
1 
1 

2 N d ? 
2Nd‘? 
1 
0 
0 
1 


■+■ 71 
+ 59 

+ 37 
-1- 37 

- 03 

-1-43 
-f- 21 

- 03 
+ .89 


Series (Uhler and 
Patterson). 


Aj. 

Ax Bx 

Ax 

Bx 

Ax 

Ax 

Ax, 

Bx B« 


Cx 


Mean + 0‘OO33 

Mean excluding plates of April 6 + 0’0043. 
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The close agreement here shown with the mean shift- for -the ten bands gives isome confidence in the 
statement that toi the. stronger lines and bands in the carbon arc spectriim there is a shift towards red at the 
centre of the Sun’s disc wliich is near to the value d-0'0()4 A. This is a trifle smaller than the value previously 
found at Ivodaikanal, but the earlier measures were- made ])y the oi'dinary bisection method, which as already 
stated gives larger values. ... . . ' ' : 

ResulUfor the. Ihnh—hx the liml) spectra the eight triplet bands and two doublets' at a87(;‘fi and 

- 4877 () aie not resolved. Owing to the widening of all lines near the limb the components merge into one 
anothei and no spectrogi'aph can resolve them.* 1 have found that tire third order specti'a with lower disper- 
sion and greater contrast are more satisfactory to measure than the fourth order plates. The bands are of 
more uniform density than at the centre of the disc, and they can be easily measured as single lines liy the 
bisection method. The negative on negjitive method would have been prefei-able, but sititable pkirs of ' nega- 
tives were not available except in a few cases. The whole series was therefore ineasured' by the bisection 
method. ' ■ 

Tables 2 and 4 (page 404) give the results of (I north limb plates and 7 soutli limb |»lates. ddie displacements 
towards red are larger than was anticipated, the general mean l)eing> -b 0't)D71 .-V for the north limb and 
+ 0100 A for the south. There is a close agreement between the difl’erent bands, and 4879’79 which ' gave a 
zero shift at the centre here shows no anomaly. . 

The systematic dilterence between no]*th- and south is interesting, and confirms 'Mr. Pocock’s ineasnres. 
At first sight one migh t suspect that by sonie cirroi* of adjustment of the solar image an uncoivected rotation 
component of o])posite sign in the two hemispheres affects the results. This is howcvei' very improbable, as 
the error in the estimate of the rotation component would need to bo about OM Km/sec., wliich would 'involve 
(jnite a large deviation of the slit from the ])osition angle of the Sun’s axis. 

For the salce of completeness I give in tables 4 and o tlie tbita used for cioniputing the 
rotation correction and the. values of the orbital and diurnal ’movements of tlie Earth. In cblnmn 4 of these 
tables is the apparent latitude or position angle counted from, the solar equator of the intersection of the 
spectrograph slit with the limb. </>' and X ure respectively the hcdiograplnc latitudes aiid liihgitudes of the 
points photographed. Tlu' foIloAving columns give the component iii, the line of. sight of the' Sun’s rotation 
movement, of the Earth’s oibital, and of -the Earth’s (.linrnal moveraont in Km/sec. Column 9 gives the 
.residual motion or algebraic sum of the (luantities in the tliree preceding col u urns ; and in the last column this 
is expressed in angstroms and is the cori'cction wliich has been applied to the measured disiilacements. This 
correction is in all cases suliti-active' liecause of the considerabh* motion of recession of tlit'. l^larth from tlie Sun 
in April, involving a general sliift of the solar lines towards red. 

Summary oj remlU.~~lf we make allowanct^ for the difference between the bisection method of measure- 
ment and the more accurate negative on nega.tive method the general means in tlie limb spectra, should be 

reduced in the ratio 120 to 100. 'The .i>asn.lts for all tlie spectra m.«isiu*ed may therefore be stated as 
follows : — 

^ Til angsu'oiii.s 

N oi'th limb siiectra ... ... ... ... ... . . . -f (y0()57 

South limb spectra ... .. 4. ()-()()j.>p 

Centre of disc ... ... ... ... ... ... 4. 0'()047 

Ihese are the mean shifts for the ten measurable bands in the first liead between 4875 and 4884, and it i 
believed that they represent very approximately the disiilacements that would be observed were tliese liands ' 
the Sun freed froin all interfering lines of other substances. 

^ It IS not claimed that the results here given represent satisfactory mean values of th.e shifts, liecause th 
individual plates both of limb and centre show somewhat discordant values indicating the necessity fo 
measu ring a large number of plate, s preferably taken at different points on the solar limb, before a definii 


■111 Km/.s(}c, 
0*44 
0d)2 
0-29 


*The baud 3879-8 aleiieshows a rift due to a partial .separ.ition oP the more refrangible line of the triplet. 
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conclusion CEii be i eddied. llie systemEtdc diilerence between nortli End south also points to a cevtaiu 
instability of ^vave-length in the solar lines. 

The result for the south limb plates is remarkably , close to the shift correspbhding to 0‘(134 Km/sec. 
predicted by Einstein and taken by themselves these results must be considered distinctly favourable to the 
lelativity effect. The sinallei shift at the centi'c of the disc is readily explained l)y an outward radial movement 
of the solar gases which might produce a partially compensating shift towards violet at the centre. But Fowler 
has expiessed the view that any rising movement on the Sun must be compensated by a do wncvard motion, and 
that the descending gases would be more likely to produce absorption lines than tliei hotter ascending gases. 
A-gainst this howevei we may argue that the gases which are in. a state of the most extreme tenuity are iii 
reality driven out from the Sun continuously into the coronal region by light pressure, as appears to be tlie 
case, in the eruptive prominences, so that no downward compensating motion would be observed. 

These results appear to be in serious disagreement wdth those of St. John who concluded that “ within tin- 
limits of error there is no evidence of a disidacement either at the centre or at the limb of the Sun of the 
ordei of 0 008 A as iec|ui.ied by the principle ol relativity. St. John did not measure the displacement of the 
bands in the hist head at the limb of the Sun, and his conclusion is largely based on the mean shift of 1 7 
lines of small intensity whicli was zero. The question whether the carbon arc band lines (which are unaffected 


by pressure or pole effect in the arc) do or do not conlirm Einstein’s prediction resolves itself into the question 
whether we should place more reliance on the strongly marked triplet bands or on the single weak lines 
incasuicd by fet. John, and this again laises the question whether the strong and w^eak lines if freed from all 


interference, by lines of other substances would actually be shifted by equal amounts. 

, In the case of iron the shift of the lines at the centre of the disc or in general sunlight depends largely on 
intensity, the strong lines being much more shifted than the weak ; lint at the limb the shifts are approxi- 
mately equalised, so that the great diff’erence of shift between the stronger and weaker lines of the earlion arc 
at the limb is anomalous and needs further investigation. 


I have pleasure in acknowledging the very material aid rendered in this research by First Assistant A. Ai 
Narayana Ayyar,; b.a, Most of the measures of limb spectra were made by him and he also performed all of 
the' computations necessary for determining the corrections. 


The Obsebvatory, 
Kodaikanal, 
Maij 1920. 


J. EYERSHED, 

Director, Kodaikanal and Madmf< Ohm%%itovi:es, 
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Mean Wave length 
of band 
Rowland. 


187<J-5y 
1877-62 
•1878 -39 
387‘)‘79 
1880-17 
1880-53 

1880- 87 
3881-20 

1881- 49 
3881-78 


Table L— Cej^trb op disc — arc m A/10, 0t)0. 


1918 March 
26d nil 50m 


1918 March 
29d llli 43m 


& 30d 9ii 42m. & 29d llh 47m 
correction correction 


; 1918 April 

1918 April' 

1918 April 1918 April 

1(1 lOli 56m 

2d 1 Ih 2.5m 

,‘ld 9li 51m 6d llli 01m 

& Id 1 Ih 02m 

& 2a 12h 01m 

& 3d 9li 56m & 6d 11 h 06m 

correction 

coi-rection 

correction correction 

—44. 

—56. 

—23. -45. 


Means. 



43 

+ 

46 

+ 

25 

. 

+ 

26 




0 

+ 

28- 

+ 

4<; 

94 

+ 

34 

+ 

34 

+ 

16 



_ 

04 

-j- 

25 

+ 

3- 

68 

H- 

.36 , 

3- 

19 

+ 

35 


09 

4- 

43 

'T 

24 

45 

+ 

(.)8 

— 

04 

— 

05 


13 


32 


04 

+ 


17 

+ 

38 

+ 

27 

+ 

31 

+ 

12 

-j- 

28 

+ 

(il 

+ 

53 

4- 

(il 


()4 


51 

-j- 

09 

-3- 

50 


39 

,+ 

53 

+ 

43 

+ 

28 

+ 

.31 

+ 

(;2 

4- 

33 

+ 

29 


06 

-3- 

23 

+ 

22 

3- 

42 

— 

11 

_i_ 

18 


51 

+ 

25 

+ 

57 

+ 

30 

+ 

49 

+ 

19 

-T 

38 

■T 

47 

+ 

49 

+ 

64 

■h 

.37 

+ 

(i8 


15 

. + 

47 

-1- 

0-0048 

+ 0- 

0036 

-t-o 

0038 

-3-0 

0026 

+ 

00037 

+ 0 

0002 

■3“ 0" 

9031 


Generai Moan omitting April 6 -j- 0-0037 A. 


Table II. — North limb — arc .in A/10,000. 


1918 April 1918 April 1918 April 

lid lOh 13m 9(1 lOh 19m <|cl IQli 32m 


(id lOh l3m 
correction 
--34. 


9(1 lOh 19m 
correction 
-32. 


9d lOh 32m 
correction 
— 2(i. 


1918 April 
lOrt lOh 24m 
coi-rection 
—28. 


1918 April 
lid lOh 19m 
correction 
-29. 


1918 April 
17d lOh lOm 
correction 
—30. 


Means. 


.3876-59 

+ 

47 

-3“ 

71 

-+• 

5!) 

+ 

63 

4* 

115 

4- 

57 

3~ 6.) 

3877-62 

3 - 

9!) 

+ 

61 

_j_ 

(il 

"i" 

78 

3- 

0!) 

4- 

57 

3- 71 

3879'39 ... ... 

3- 

67 

"H 

50 

+ 

117 

■4“ 

82 

4- 

116 

4- 

49 

-4" 80 if 

3879-7!) 

■+• 

22 

■j- 

(18 

+ 

98 


113 

4- 

147 

4- 

53 

4- 83 

•3880-17 

+ 

;53 

■i" 

66 

4- 

70 

+ 

i05 

-h 

124 

+ 

76 

4-79 < \ 

3880-53 

+ 

52 

-i- 

64 

-t- 

78 

4- 

78 

_j. 

83 

+ 

35 

-4- 65 

3880-87 

3- 

70 

+ 

33 

4- 

57 

4- 

59 

3- 

101 

4- 

70 

4- 65 1 

388T20 

3- 

26 

+ 

25 

+ 

43 

+ 

36 

4- 

77 

4" 

43 

4i2 ! 

3881*49 

3 - 

81 

4- 

82 

+ 

95 

4- 

89 

+ 

116 


115 

4- <)0 

3881-78 

4" 

63 

3- 

44 

4- 

78 

4- 

66 

4- 

101 

3- 

34 

+ 64 

Moans ... 

+ 0-0056 

+ 0-0056 

+ 0-0076 

3- 0-0077 

4- 0-0105 

4- 0-0059 

+ 0-0071 

1 i ^ 


Table III. — South; limb — arc in A/10,(X)(). 


-3876-59 

3877-62 

3879-39 

3879- 79 
: 3880-17 

3880- 53 
■3880-87 
■3881-20 
■3881-49 

3881- 78 


1918 April 
(id lOh {}4m 
correction 
—24. 

1918 April 
9d lOh 12m 
correction 
—33. 

+ 

45 

4- 

112 

+ 

78 

+ 

128 

+ 

31 

-i" 

89 

4- 

37 

+ 

57 

-4* 

21 

+ 

89 

+ 

76 

+ 

80 

•4~ 

405 

+ 

78 

+ 

30 

+ 

69 

3- 

87 

■T 

62 

4- 

113 

+ 

64 

+ 0-0062 

+ 0-0083 


1918 April 
9d lOh 38m 
correction 
—54. 

1918 April 
lOd lOh 17m 
correction 
-36. 

1918 April 
lid lOlt 12ra 
con-ection 
-32. 

1918 April 
16d 11 h 41m 
correction 
—107. 

4- 

102 

+ 

143 

+ 

175 

+ 

105 

+ 

147 

•+ 

115 

+ 

132 

-H 

83 

+ 

96 

-j- 

126 

3- 

152 


91 

4 - 

144 

+ 

128 

+ 

141 

•+ 

83 

+ 

101 

3 - 

86 

4" 

1.55 

-j- 

86 

4- 

121 

+ 

1.42 

4 

232 

+ 

96 

+ 

94 

+ 

112 

+ 

119 

4- 

52 

+ 

25 

+ 

74 

+ 

63 

•+ 

115 

4- 

119 

+ 

146 

+ 

187 

+ 

122 

-+ 

110 

-j- 

118 

+ 

125 

+ 

113 

+ 0-0106 

+ 0-0119 

+ 0-0148 

+ 0-0095 


1918 April 
17d lOh 01m 
correction 
-21. 

Means. 

3- 

88 

4- 

110 

4- 

108 

+ 

113 

+ 

107 

+ 

99 

4- 

t)3 

-+ 

!)3 

4- 

81 


88 

+ 

57 


115 

+ 

112 

+ 

96 

+ 

73 

•+ 

64 

+ 

88 

+. 

116 

4- 

91 

+ 

105 

4- 0-0086 

+ 0-0100 


Table . IV.— North limb corrections. 


Date. 

Hour. 



' tf’ 


A 

Rotatiou. 

* Orbital. 

1 

Diui-ual. 

Residual. 

A, 

. 1918. 

H. M. 

o 

o 

0 






April IC 

10 13 

89-8 




+ 0-507 • 

- 0-245 

+ 0-202 

- 0-0034 

,, 9 

10 19 

891 

70 

2E 

- 0-017 

+ 0-499 

- 0-232 

+ 0-250 

- 00032 

1 ... • . . 

10 

10 # 

86-2 

87-8 

70 

11 E 

- 0-090 

+ 0-499 

- 0-210 

+ 0-199 

- 0-002(> 

1, 10 

70 

7E 

- 0-058 

. +. 0-495 

- 0-223 

+ 0-214 

- 0-0028 

> „ 11 

„ 17 

10?^ lit 

88-2 

70 

5E 

- 0-041 

+ 0-492 

- 0-230 

+ 0'221 

- 0-0029 - 

.S'‘l0' 10 
.. 

89' () 


"*• 


+ 0-471 

- 0-242 

+ ()-229 

- 0 0030 


Table V.— South limb corrections. 


Datb. 

Hour. 

4 

4/ 

A 

t . 

Rotation. 

■ 

Orbital. 

Diurnal. 

Residual. 

A 

. 1918. . 

April 0 ;; 

:k. M. 

10 04 

87'(; 

81 

17 E* 

- 0-058 

+ 0-507 

- 0-259 

+ 0-190 

- 0-0024 

,, i) i 

„ 9 

10 12 

10 38 

89-7 

84-9 

'si - 

35 V 

* + 0-115 

+ 0-499 
+ 0-499 

- 0-244 

- 0-199 , 

-t- 0-255 
+ 0-415 

- 0-0033 

- 0-0054 

■ „ 10 

10 17 

89-2 

-.-82 

7 W 

+ 0-021 

+ 0-495 

- 0-235 

+ 0-281 

■ - 0'(K)36 

„ 11 

10 12 

90-0 


... 


+ 0-492 

- 0-242 

+ 0-250 

- 0-0032 

„ lb 

11 41 

71-8 

" 70 

65 W 

+ 0-429 

+ 0-473 

- 0-076 

+• 0-826 

- 0-0107 

„ 17 

10 01 

87-7 

SO 

1 

14 E 

- 0-055 

+ 0-471 

- 0-257 

+ 0-159 

- 0-0021 
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^otrai^anal #t>^erijatorg* 


BULLETIN No. LXV. 


SUMMARY OR PRUMINENOE OBSERVATIONS FOB THE FIRST 

HALF OF THE YEAR 1920. 

The dislTiliiition of iiTOHiinoiices observed aiul photOi^T’aiibed dni:iiiM' the half-year ending 30th June 1920, 
is represented in the aecoinpanying diagram, in which the full line gives the mean daily areas and the broken 
line the mean daily nvmihers for each zone of.- b"’ of latitude. The ordinates rexiresent tenths of a square 
minute of arc for the full liru'. and numbers for the broken line. The means are corri'cted for incomplete or 
iinioerfect observations, the total of lll8 days lieing reduced to lb!) etrective days. 




McciTi Areas amd. Mean Numbers of Pfotr) i nences 



SOUTH 


806 


The distribution is very similar to that during the second-half of 11)19, exceirt that there is a slight 
reduction in activity in the belt 150° — 40° in the northern hemisphere. 

The iriean daily areas and numbers corrt'cted for imperfect observations are given l)elow : — 


North 

South 


Mean daily 
areas (square 
minutes;. 


Mean daily 
numbers. 


Total ... . 4- -515 115‘215 

Gom.|>aied with the ••previous half-year, ai'eas show an increase of 12 per cent in the southern hemisphere 
blit practically no change in the northern, and numbers show a general increase amounting to 17 per cent. 
Aieas again show a preponderance in ' the • southern hemisphere and numbers in the northern. The southern 
' tu-ominences were also slightly lirighter than the northern. ' 

The monthly, quarterly and half-yearly areas and numbers and the mean height and extent of tlie 
prominences ai'e given in table I. The unit of area is 1 square minute of arc. 


dARivE I. — Abstract for nhtE first-half of 1920 


Month. 

Number of 
days 

(effective). 

Areas. 

Numbers. 

Daily Means. 

Areas. Numbers. 

Mean 
. heighi. 

Mean 

extent. 

January ... 

February ... ... , ... 

March ‘ 

April 

May 

June ,,, 

25 

29 

;{() 

27 

2H 

20 

109-M 

I12-0 

hffl-H 

12()-8 

185-2 

74-1 

828 

894 

882 

864 

,■586 

251 

4-87 
8-86 
4-39 
4-70 
4-88 
* .8-70 



12-9 
’ 18-6 
12-7 
1.8-5 
18-8 
12-0 

.85-4 

81-8 

82-9 

.80-6 

82-1 

81-5 

28)4 

2'9() 

8*55 

8-10 

8-20 

2-87 

First quarter ... 

«4 

858-1 

1099 

4-20 

18-1 

88-2 

8-18 

Second quarter ... 

7.0 

.88()-l 

1001 

4-48 

1.8-8 

81 -4 

8-08 

First half -yejir ... 

11)9 

(W9-2 

2100 

4-88 

18-2 

82-4 

8-1 1 


Althougli the mean lieight and extent show a decu'ease compai-ed with the latter half of 1919, the increase 
ol 17 ijei' cent in mean daily numliers has resulted in an increase of the mean area. 


DMribul i()ii msl: and west of the mm's mrvh. 

there is a western preiionderance both of areas and numhera but not so large as in the latter half of 1919. 


1920 January to June. 


Percentage 

east. 


Total number observed 

Total areas in square minutes ... 


The western prominences were also slightly brighter than the eastern. 



Metallic Pr(mvine)i.e.et<. 

.LiHiity~six iiU'Uillic proiiiiiieiicGS were observpd in tlit; hHlf-ycai'. Dotuils of t/lie.s(' pi’oioiiienct'.s a.re ^^iven 

in the followinp: table : — 


TvMiijE 11.- -L/.s*/ oj MetaJkc Pritiu/mences ohsmrved at Kaltri/atval Jr()w Jaiiiairy to .h me 1920, 


Date. 




Jamiai'y 


Felii'uary 


March 


1 ) 

12 

14 
If) 

k; 

17 

17 

15 
22 
22 
24 

.4(1 

:il 

111 


12 

l)i 

111 

11 

1(1 

17 

17 

IS 

111 

211 

27 

27 

2S 

21 ) 

21 ) 


Hoin- 

T.S.T. 


II. M. 

S 42 
s r>r, 
1 ) 2 
S 
II 


50 
20 
S 50 
1) S 
II 4 
20 
•15 
52 

S 42 

II 10 
S 14 

S 51 

II 15 
II IS 
S 50 


17 

20 

25 


11 
II 
II 

S 5'2 
S 50 
1) 5 

S 15 


0 10 
S 5(1 
II 20 
S 115 
S 22 

S 25 

s 211 
s 50 

1 ) 10 
II '20 
1 ) 10 
S US 

S 11) 
S 111) 
s 55 
S 52 
s 40 


II S 
S' 45 
S 115 

S 20 

S 4S 
1 ) 0 
1) II 



Latitude. 



Biise. 



Limb. 

Height. 


IN'ortb. 

So nth. 



0 

O 

o 


n 

8 


o-> 

W 

.50 

■ 8 

52 


E 

50 

11 

20-5 


E 

OO 


110 


E 

00 

0 


111 

E 

45 


40 


E 

40 

11 


-29-5 

E 

0(.) 

11 


28-5 

E 

00 

4 


10 

b] 

00 



-20 

E 

110 

1 1 


li-5 

W 

50 

12 


18 

W 

00 

4 


•29 

W 

■20 

>2 

40-5 


W 

•20 

10 

14 (pi 

itol- 

w 

40 

'A 


22-5 

E 

^ 40 

0 


no 

E 

90 



0 

W 

115 

2 

42-5 


E 

.50 

5 


20-5 

E 

110 

f) 


1111-5 

' E 

95 



111) 

:e 

70 

>2 

I1.5-.5 


E 

■20 

2 

1 1 


E 

00 

14 

‘5 


E 

100 

2 

21 

' 

E 

15 

2 


■ i 9 

W 

, 15' 

10 

14(|uiit()i- 

K 

50 

2 


HI . 

E 

110 

>2 

1 1 


w 

115 



0 

E 

40 

10 


5 

E 

1-20 



7 

E 

10 


20 


W 

00 

*! 

' IlM 


E 

115 



117 

W 

40 

1 

!l-5 


w 

15 


7 


E 

55 

4 


110 

W 

40 

10 


28 

w 

45 

12 


110 

w 

25 

11 

1.5-5 


w 

•25 


18 


:e 

110 

4 

15 


E 

40 

2 


0 

W 

15 

4 


7 

w 

05 

5 

14-5 


E 

25 



12 

W 

15 



7 

w 

10 


bines. 


41)24-1, 5(I1S-(1, I)j. 5-2114-S, 5lil(l-S, D,, Do. 

b], bj, bg, Di, Do 
b.i, bo, ba, b-t, D,, Da. 

41)24 I, b,, ho, ha, 1)4, 5I1I(1-S. D.,D... 

b,, ba, ha, Di. Do. 

bi, 1)2, 1)3, 1)4, 5111 (l-S. D,, Do. 

bi, ba, 1)3, 1)4, 5I11(1-S, Di, Do. 

bj, b„, b;,, 1)4, Di. Do. 

b), ba, ba, 1)4, 5I11(1-S, D^, Da, (1(177 and 70(15. 
b,, ba, ba, 1).,, 5111 (1-S, D^, Da. 

41)24-1, bi, 1)2, 1);,. b.„ 5111 (I'S, Di, Do, (1(177 iind 
70(15. 

41)24 1, .5010, ba, ba, ha. hi, 52li4-S, ,527(1-2, 
5111(1-8, 55115-1, Da, Do, (1(177 and 7005. 

41124-1, hj, ba, ba. 1)4, 5111(1-8, D,, Do. 
bi, bo, bg, 1)4. ,5111 (IS, Di, 'Da. 

41)24-1, .501(1, b;„ bo, ba,h 4 , .5111(1-8, D„ Do, 0077 
iuid 7005. 

In, ba, 1)3, 1).,. D), Do, 

ba, bo, ba, 1)4,, J.)i, Da. 

41)24-!, b|, ha, bs, bi, 5111(1-8. D,, D.., 0077 and 
7005. 

1), , bo, l)a, 1)4, Di, Do. 

b‘, ba, bg, bi, 51110 8, [),, Do. 

b,i, ho. bg, b4,.5lll(!-S, D,, Do. 

Da, Do. 

bi, b.j, Da, Do. i i 

1),, 1)2, bg, b,i, ,51110-8, D|, Do. 

4!)24-|, .501(1, .5018-0, b,, d).., b^, hi, 52114-S, 
51110-8, .511011-0. .5I}!)7-I1, ,5.5!1,5-1, Da, Do, 0077 
11,11(170(15, 

bj, ba, 1).,. I),,. 51110 8, D„ Dd. 

b.i, bo. bg. 

1)1, ho, bg, 1)4, ,51110-8, Dl, Dg. 
ba, b.,, bg, 1)4, .51110 8, Da, Do, 

4!)24*1, ,5()18-(1, 1),. ho, bg. 1)4, .5!ll(l*8, Da, Da, 
(1077. 

b,. bo, 1);,, 1)4, D,, Da. 

bi, bo, hg, 1)4, o.'llO'H, D], •T)i.. 

41)24-1, 1),, ba, bg, 1)4, .5111 0-S, Da, Do, (1077 and 
7005. 

b|, bn. 

ba, b.j, bg, i 

bi, bo, bg, bg, 5111(1-8, Dl, Do. 

41)24-1. .5018-0, b„ ho,' ha,‘b4, .52114-8, 5-27(i-2, 
.5284-2, .51110-8, 5;i(lll-(), 5.5115-J, Di, Do. 

bi, b.j, ba, 1)4, Dl, Do. 

bj, b„, bg, 1)4, .5lil(l-8, Di, D- . 

bj, ha, bg, bio .5111 0-8, D,, D-a, 7005. 
bj, ho, bg, 1)4, .51110-8, Dj, Dg. 

41)24-1, .5010, .5()l8-0, hi, ha, bg, h,, 5208-7, ,52114-8, 
5270-2, ,51110-8, Da, Do, 0077 and 7005. 

b,, ba, bg, 1 ) 4 , 51110 8 , D,, Da. : 

bj, ha, bg, 1 ) 4 , j)lll()‘8. Da, D.^. 

41)24-1, 1),, ho, bg, 1)4, 51110-8, Da. Da, 0077 and 
7005, 

4924-1, ,50 10. bx, ba, bg, bi, .52.-14-8, .5270-2, 5284-2, 
51-1 10-8, .5il(l!l-0, D„ Da, 0077 md 70()5. 
bx, ba, ba, 1)4, 51110-8, bllOll-O, Dj, Dg, 

4924-1, 5010, 5018-0, b,, ba, bg, hi, 5111 0-8, Da, Dj. 
b„ bn, ba, b,„ 51110-8, Da, Da. 
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Date. 


1920. 

March 


April 


May 


J vine 



Hour 

Base. 

Latitude. 

i 

Limb. 

Height. 


I.S.T. 

North. 

South. 


II. M. 

0 1 

„ 

O 


U 

tl 

8 35 



20 . 

E 

65 

12 

8 , 42 

5 


29*5 

E 

20 

13 

8 50 

11 


28*5 

E 

40 

13 

8 38 

16 

17 


W 

50 

14 

8 29 


4 


E 

35 

14 

8 26 



9 

E 

35 

14 

8 42 

3 

17*5 


W 

95 

15 

8 49 

5 • 


5*5 

E 

70 

15 

8 33 

4 

10 


: W 

120 

18 

8 39 

13 

2-5 


w 

220 

24 

9 22 

8 


11 

; W 

55 

25 

8 58 

1 


9*5 

w 

30 

28 

8 4:5 

17 


4*5 

, w 

120 

,30 

8 43 

2 

23 


E 

15 

30 

8 34 

2 


19 

W 

30 

2 

9 22 

5 

6-5 


E 

.30 

5 

8 49 

6 


11 

E 

40 

7 

8 55 



8 

E 

80 

10 

8 ,30 



4 

E 

15 

10 

8 30 



9*5 

E 

20 

ll 

8 50 


10 


W 

90 

22 

8 38 

2 


17 

w 

30 

25 

8 48 



17 

w 

75 

7 

8 56 

11 


13*.5 

E 

65 

7 

9 2 

'5 


28*5 

E 

50 

8 

10 36 

12 


15 

E 

80 

8 

10 43 

3 


28*5 

E 

40 

9 

9 6 

7 

20-5 


B 

60 

16 

8 40 


13 


W 

10 

16 

8 35 

5 

17*5 


w 

25 

■ 17 

8 8 



11 

w 

60 

21 

9 24 

6 


13 

w 

40 

30 

8 40 

3 

22*5 


E 

20 

30 

8 52 

1 

14'.5 


E 

70 ■ 

1 

9 .35 

1 8 

30 


E 

60 

11 

9 16 

1 

11 


E 

15 

12 

9 12 


14 




W 

35 


bi, ba, bg, Dj, Do. 

bi, b2, bg, bi, Di, Dg. 

bi, bg, bg, bi, 5316'8, Di, Dg. 
bi, ba, bg, bi, 5316*8, Di, Dg. 

bi, bg, bg, b.i, Di, Do. 

bi, bg, bg, bi, Di, Dg. 

4924-1, 5016, 5018-6, bg, bo, bg, b.,, 5234-8, 
.5276-2, 5284-2, .5316-8, .5363-0, ,5.5.35-1, Dx, Do, 
6677 and 7065. 

4922-4, 4924-1, 5016, .5018-6, bi, bg, bg, 1),,, 
.5234-8, 5269-8, .5276"2, 5284-2, .5316-8, 5363-0, 
5897-3, 6405-9, .5535-1, Di, D.„ 6677 and 70()5. 
49-24-1, 5018-6, b„ b,, b,,, b^ ,5234-8, 5276-2, 
5284-2, 5316-8, 5363-0, T>\, Do, 6677 and 7065. 
b^, bo, bg, bi, 5316-8, D,, Do. 
bi, bl, bg, bi, 5316-8, D,, d:. 
bi, b:, bg, bi, 5316-8. D,, D:.. 

4924-i, .5018-6, b., b,g, bg, bi,‘.5316-8, .5363-0, D,, 
Do, 6677 and 7065. 
bi, bo.bg, bi, 5316-8, D,, D... 
hi. bg, bg, bi, .5316-8, D,,, D;. 


b., bo, bg, Di, Do. 

bi', bg', bg, bi, 5316-8, Dx, Do. 
bi, bg, bg, bi, 5316-8, Dx, Dg. 

4924-1, .5018*6, bi, b.., bg, b,, ,5234-8, .5276-2, 
.5284-2, .5316-8, ,5363-0, D,, .D„, 6677 and 
7065. 


4924-1, ,5018-6, b,, b,., bg, b,., .5234-8, .5276-2, 
5284-2, 5316-8, .536.3*0, Dx, Do, 6677 and 7065. 
bi, bo, bg, bi, 5316*8, 536.3*0, D,, D,,. 
bi, b;, bg, bi, 5316*8, .5363*0, Dx, Dg". 

4924*1, bx, bg, bg, bi, .5316*8, D,, Dg. 

4924-1, b,, bo, bg, b.,„ .5.316-8, D,, Do, 706.5, 
bi,,bo,bs,b;,. 5316-8, Di, D... 
bi,b.„ bg, bi, .5316-8, Di, D;, 

bi, bg, bg, bi, Di, Do. 

4924*1, b,, bo, bg, bi, 5316*8, D,, D.., 6677 and 
7065. 

bi, bo, bg. bi, 5316*8, D,, D.g, 

,5018*6, bi, b.g, bg, bi, , ,5208*.5, .5269*8, .5276*2, 
5316*8, 5363*0, Di, .D„, 6677 and 7065. 

4924*1, 5016, ,5018*6, bi, h.„ bg, In. 5234*8, 
5276*2, 5316*8, D^, D„, 6677 and 70<55. 
b,, bo.bg, bi, .5316*8, D' D„. 
bi, bl, bg, bi, .5316*8, D,,D.". 

4924*1, .5016, b,, bo, bg, t>i, .5316*8, 1),, D... 


bi. bo, bg, bi, 5316*8, D,. Do. 
b„.bg, b.i,Dx, Dg. 

.5016, bi. bg.bg, bi, .5316*8, Di, D... 6677 and 
7065. 


Tlie metallic promiiieiiees recorded al)ove were diktributed in latitude as follows : — 



— 

1°--30L 

‘ 31°— 60“. 

- Mean 

latitude. 

Ektreme 

latitudes. 




1 

0 

• O 0 


North 

29 

6 

19*6 

1 and 52 


South 

43 

6 

17*8 

3*5 and 37 


Equator 

. 2 





Fifty were on the east limb and 3(1 on the west. 
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Dkp/amimmtii of the hydrogen lines. 


Pai-ticnlars of the (lisi)lacu>ni(Mita observed in tbe cliromosiihere and prominences are given in the following 


table : — 


Table IIL 


Date. 


1920. 

Jaiuiary 


Poln'imry 



Hour 

Tjatitmle. 

1 

Displacement.s. 


I.S.T. 



•1. J 1 lA A ^ i • 





1 

North. 

jSovith. 


Red. 

Violet. 


11. 

M. 

(.) 

0 ' 


' A 

A 

9 

8 

40 

5b 


E 

Slight 


9 

8 

bb 


27 

111 

1 

0'5 

10 

8 

bl 

82'5 


w 


Slight 

10 

8 

bl 

84\5 


W 

Slight 


12 

8 

40 

()1-5 

' 

w 

Slight 

lb 

8 

b5 

79 


w 


Do. 

14 

8 

48 

47-.5 


E 

' 1 


14 

9 

15 


00'.5 

E 


Slight 

14 

8 

42 

b4 


W 


05 

14 

8 

40 

5b 


W 


Slight 

15 

8 

58 

/ 


E 

9 


15 

8 

45 


11 

W 


Of) 

10 

8 

58 

;)i 


w 


Slight 

17 

8 

bt 

84-5 


bl 


0'5 

17 

8 

52 

b5-5 


E 

' 

1 

1« 

8 

40 

10 


W 

' 05 


18 

8 

.b5 

(14‘5 


w 


Slight 

20 

8 

..|.4 

.59'.5 


w 


0-5 • 

22 

9 

20 


1 1 

E 

05 


22 

9 

9 

8b'.5 


w 

Of) 


2;{ 

8 

24 


"20 

w 

' 

2 

24 

8 

44. 

78'5 


E 

Of) 


24 

9 

b 


40 ■ 

w 

‘ 2 


24 

> 8 

52 

1‘5 


w 

b 


27 

9 

1b 

8 


w 

1 


27 

9 

10 

5H-5 


w 

If) 


28 

8 

.50 

7-5 


w 


1 

29 

9 

10 


40 

w 


0-5 

29 

9 

0 


1 1.‘.5 

w 

i 

05 ■ 

bo 

8 

:io 


f'8 ■ 

E 

1 


bO 

8 

42 


19 

W' 



bl 

9, 

,10 


29 

’■;;w . 


;05 

'2 

' '8 

b8 


.52 ' 

•w' 


• ^ Slight 

♦,» 

« ) 

9 

10 


8 ' 

w 

05 


I’) 

8 

51 

lh|uatoi'' 

■ 

'W 

b 

2 ' ■ 

• ) 

;) 

8 

.50 


i) 

w 

;5 

05 ■ 

4 

8 

.50 


0 ‘ 

w 

.. 2 

* 

4 

8 

4..|. 

■i:v5 


w 

05 


4 

8 

10 

.5(V5 


w 


Slight 

5 

8 

55 

77-5 

> 

E 


Do, 

5 

9 

0 


7 "5 

■w 

! .b 

Of) 

5 

8 

58 

4b-.5 


w 

1 


0 

8 

•19 


22 

E 

Slight 


7 

8 

47 

H 


:e 

Do. 


8 

8 

42 

70 


w 


Slight 

9 

8 

bl 

18 


E 

Slight 


9 

8 

45 

5 


E 



9 

8 

50 


205 

E ^ 

05 


10 

8 

bb 

7f>’f> 


W 

Slight 


11 

8 

40 

05 


B 

Do. 


1 1 

8 

45 

82 


W 

1 


12 

8 

58 

b5-5 


E 

Slight 


12 

(» 

20 

Equator 

K 

2’f> 


lb 

8 

b5 


bl 

E 

t 

9 

1b 

8 

45 


40 

W 


05 

lb 

8 

99 

11 


w 

9 

1 

lb 

8 

1 

25 


1 w 


0-5 


Remarks. 


Both ways. 


A 


To red at top; to violet at base. 
I A to violet at 8'* 51"*. 

Not seen at 8*^ 51™. 


No prominence. 


At top. 
Do. 


At top. 


At base. 
Do. 


Slight 


At base. 




To reel at top; to violet at base. 

5 A to violet at base at 9’‘ 15™. 

To red at top ; to violetf at base. 

At top. 


To red at top; to violet at base. The 
violet displacement was 2 A at 
O'! 10™. 


0-5 


At top. 

i 

Do. ; 

Do. 

To red at top ; to violet at base. 


9 
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Date. 


1920. 

February 


JMarch 



Hour 

Latitude, j 


Displacements. 





Limb. 





LS.T. 

North, 

South . 

Eed. 

1 

j Violet. 

Both ways. 


1 Eemarks. 


i,t. m;. 

0 

O 


A 

A 

A 


15 

9 6 


6 

W 

1-5 ■ 

1 

i 

To red at top to vdolet at ba,se. 

15 

8 18 

18 


E 

0-5 



16 

8 10 

57-5 


W 


Slight 



17 

8 50 


7 

E 

2 




17 ■ 

9 15 

78-5 ■ 


W 

0-5 




18 

8 50 

61 


W 

Slight 




19 

•>A 

8 48 

57-5 


E ' 


Slight 



20 

9 8 

7 


Xl/ 

w 

1 

1-5 




20 

21 

8 48 

17 


w 

2-5 



At top. 

8 88 

49-5 


E 


1 


21 , 

8 38 

74-5 


'W ■ 


Slight 


At base. 

■22 

8 28 ' 


18-5 

E 


Do. 



22 ' 

8 18 


7 • 

W 

Slight 

! 



23‘ ' 

8 31 


1 

w 

■ 1 


1 


24 

8 40 

69 


E 


Slight 

'i 


24 

24 j 

^ 8 50 


17 ' 

B 

1 'b 


At top. 

8 46 

20 


W 

1:5 • 



1 Do. 

26 

8 30 

47 


E 

1-5 



! Do. 

26 

9 37 

1 

■ 13 

W 


2 


Do. 

27 

8 32 

Axis 




Slight 



27 

8 46 

32'5 


E 

0-5 



27 

8 38 


22'5 

W 

0-5 




28 

8 42 

78-5 


E 

1-5 



1 

28 

8 88 

()9 


E 


Slight 

Do. 



28 

8 85 

44-5 


E 1 




28 

8 45 

60 


W 

j 

Slight ' 




2 

2 

8 3G 

9 0 

67 

64 

E ; 
W 

1 

0-5 



8 

8 28 

8 45 

74'5 


B 

Slight 



At top. 

8 

17 


B 


05 ' ■ ■ ■ 


At base. 

3 

8 35 


6 ■ 

W 


1*5 



8 30' ' ' 
8 20 

'70 ■ 


B 

Slight; 




B 


r '.q 

W 

Slight 



7 

8 36 

82 


E 

1 




7 

9 8 

4-5 


E 

5 ' 

2 



At top. i.: 

7 

9 0 


12 

64 

■W 



At bash, f-: !• 

8 

9 0 

54'5 

W 


Slight 

i'. 

9 

8 52 


w 


Do."., ■' 


i ' • ^ 

10 

8 36 


78-5 

E 

0'5'': . ■:■ 




10 

8 27 

13-5 


W 

Slight 




11 

8 45 

52'5 


W 

Slight 



12 

8 26 

82 • 


E 


Do. 



12 

8 34 

41 


W 


0*5 



12 

8 32 


() 

w 

Slight 

• 



18 

8 46 

4()'5 


E 

Do. 




18 

8 47 

19- 


E 

Do.- 




14 

8 33 

55 


E 



Slight 


14 

8 27 


9 

E 

\ ' 

0-5 



14 

8 36 

7 


W 


Slight 

' ' 


14 

'8 42 

10 


W 

2 



15 

8 49 

Equator 

E 


2 



15 

15 

8 49 

8 33 

13 

4 

E 

w : 

0-5. 

2 ■■- 

9 ' 

To red at top ; to violet at base. 

IB 

8 40 


4 

E 



1-5 


16 

8 36 


32'5 

B 


0-5 


16 

17 

8 44 

8 22 

74-5 

83- 


W 

E , 

1 

1*5 

Slight. 


To red at top j to violet at l)ase. 

17 

17 

8 32 

8 34 

6-5 

4-5 

E 

E ■• 

0*5 


Slight : 

At top. 

18 

8 23 


73 

W 

Slight 



18 

19 

8 38 

8 15 

46-5 

2 

W i 
E ' 

Slight , 
Do. ' 


■ At top. 

19 

8 34 


22 

E 

2 . 



19 

21 

8 26 

8 27 

30 

11 

W 

E 

Slight 

Slight 


At top. 
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Date. 


1920. 


Marcli 


April 


May 





i 

Ijatitude. 1 



14.0 ur 



Ijirnb. 


t.B. 

T. 

S'orth. 

South. 


II. 

M. 


i 

o ( 


21 

8 

25 

o 


E 

21 

8 

35 

8T5 


W 

22 

8 

5() 

75'5 


E 

22 

8 

55 

58 


E 

23 

9 

15 

10-5 


E 

24 

9 

10 

42-5 


E 

2.5 

9 

15 

11 


E 

2() 

8 

42 

47-5 


E 

2() 

8 

53 


7 

W 

27 

8 

13 

l()-5 


E 

27 

8 

20 


45-5 

E 

27 

8 

22 


(10 -b 

E 

27 

8 

1.3 


l(j 

W 

27 

8 

31 


5 

W 

27 

8 

28 

2-5 


\v 

28 

8 

38 

(19 


E 

28 

8 

40 


4-5 

W 

30 

8 

18 

A.xis 



30 

8 

15 

41 


E 

30 

8 

4(1 

1.1 -5 


E 

30 

8 

48 


14-5 

B 

30 

8 

2(1 

9 


W 

.30 

8 

22 

75-5 


W 

1 

9 

0 


8 

E 

o 

9 

(1 


(1 

E 

o 

8 

4(1 

to 


W 

5 

8 

40 


11 

E 

.5 

8 

31 

2(1 


W 

f) 

8 

30 

47-5 


W 

(i 

8 

31 


5 

E 

t; 

8 

27 


.50'5 

E 

() 

8 

38 

33 


W 

7 

8 

35 

82 


E 

7 

8 

55 


5 

E 

7 

9 

3 


27 

E 

9 

8 

54 


45'.5 

W 

9 

8 

.50 

23 


W 

10 

8 

30 


9'5 

E 

10 

8 

21 


45-5 

B 

II 

8 

38 

81 -5 


E 

11 

9 

8 

(1 


E 

11 

8 

50 

14 


W 

11 

8 

50 

TO 


W 

11 

8 

42 

58-5 


W 

12 

8 

39 

10 


W 

1.3 

8 

8 


41 

W 

15 

8 

40 

71 


E 

It) 

8 

50 


43 

W 

18 

8 

3(1 

44-5 


vv 

21) 

8 

52 

.54-5 


w 

27 

8 

45 


2(1 

w 

3 

9 

11 


10 

E 

5 

9 

22 


:,18 

w 

t; 

8 

5(1 

11 -5 


E 

7 

8 

33 

(15 


E 

7 

8 

42 

83 


W 

9 

9 

(1 

20-5 


E 

9 

9 

10 


21 

E 

9 

8 

.5(1 


2*5 

W 

1 1 

8 

32 

59 


E 

12 

8 

40 

71 ■ 


E 

14 

8 

38 

19 


W 

15 

8 

54 

8 


E 

15 

8 

58 

1(1 


W 


Displaceuients. 


Bed. 

Violet. 

Both ways 

A 

A 

A 

Slight 

1 

1 

Slight 

Do. 

Do. 

1-5 



1-5 

Slight 

[ 




Slight 

0-5 

Slight 

0 

0-5 

Slight 

1 

Slight 

;5 

1 

o 


(>•5 

1-5 

(V5 

Slight. 

1-5 


(f5 

Slight 

Sliglil- 

0 

2 

(05 

Slight 

Do. 

Do. 

2 

2 

0-5 

1 ‘T. 

0-5 




?'5 

Slight 

Slight 

Sligh t 

Slight 

2 

T 

Slight 

l'5 


0-5 

Slight 

1'5 

l'5 

Slight- 

0*5 

(.)*5 

Slight 

0-5 

1 


IT) 

1 

1 

(.)'5 


OT) 

Slight 

j 0 5 


Do. 

n 

1 Slight 



KemarkK. 


T(» red at top ; to violet at base. 
At top. 

Ok) red at, top ; to violet at base. 


To red at base and top and to violet 
over the middle of prominence. 

'I’o red at top ; to violet at- base. 

To red at top ; to violet at biise. 


At top. 

To red at base ; to violet at t.op. 
At, to]). 

At to]). 


At top, 


'To red at base ; to violet at to]). 
At base. 


To red at to]) ; to violet at base. 
At ba-se. 


At ba-i^e. 


To rod a,t top ; to violet at base. 


At base. 
Do. 

A,t base. 
At laise. 



P)12 


May 


June 


ite. 

Hour 

I.S.T. 

1 Latitude. 

' TjJliil) 


117014,5 

South 


Red. 

20. 

II. 

M. 

C 



1 A ■ 

16 

8 

40 

16 


w 


16 

16 

8 

65 

17-5 


w 


8 

62 

52 


w 

T 

17 

8 

14 

10 


E 


17 

8 

8 


n 

w 


21 

9 

24 


11 

w 


24 

8 

15 

48 


E 


28 

8 

28 

38 


E 


29 

8 

68 

16-5 


E 


60 

8 

40 

22*5 


E 

E 

, •> 

an 

8 

52 

14*5 


1*5 

1 

9 

25 

57 


W 

Slight 

9 

8 

li) 

11 


E 

10 

11 

10 

57 


W 

Slight 

11 

9 

18 


74 

E 

f 

12 

1) 

20 


58 

W 

E 


14 

8 

on 


6 

1-5 

14 

9 

0 


72 

W 

1 

16 

8 

57 


50 

E 


25 

8 

4() 

85*5' 

E 


25 

9 

•j 

14 


E 

1*5 

25 

9 

15 


62 

E 


25 h- 

9 

1 D ‘ 

15 


82 

8^ 

E 

E 

1 

0-5 

25 

8 

57 


(id 

W 


26 

8 

18 

65 


E 

Slight 

2() 

27 

H 

H 

16 

64 

ii 

10 


E 

E 



DiKplace men ts. 


Violet. 


Botli ways. 


Remarks. 


Slight 

Sligh t 
1-5 
Slight 


Slight 


Slight 

I 

Slight 

()-5 


Sliglit 


Slight 


Sliglit 


At base 
At top. 


At base. 
Do. 


To red at base ; to violeli ai; toi). 
At bases.' 


At base. 


A.t base, 
At, top. 

At l)aso. 


The total immbev of displaeeiueiits was 213, of which 3 wece on the eqnatoi- ami tlu' rf'sl woi'o diKiribute, 
as folloAVS : — ' , 


Latitude. 

North. 

52 

South. 

•"'i t) 

31°— 1)0“ 

41 

1 K 

'.10° 

’ ai) 

I. » ) 

12 

Total . 

- 132 

80 


East liml) 

West limb 
Centi-al meridian 


Total 


lOS 

JOf) 

2 

215 


One hunched and eleven were towards the red, and the same munber towards, the violet Tthese inehu 
l-loeeasums wha,v the d.splacennmts were seen to the red and to the violet indifferent parts., 1™ 

prominence. J welve displacements were liotb ways simultaneously. 

Rrvermln and displanmmits on the disc. 

One Inmdred and sixty-four bright reversals of the line 5t) dark rovm,c,,ai. r n t 

displacements of the lla, line were recorded dnrim* the half ven 'll t 

the latter half of Ull!,. Their disWlnttion is sh^wn b^elow ~ ‘ ' 

Rorth. South. .East. West. 


Bright reversals of Ha 
Dark reversals of Ds 
Displacements of Hu. 


88 

24 

55 


7() 

82 

55 


82 

25 

1)8 


,82 

81 

47 
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yeventy-niiie oi: the displacements were towards tlie red, 28 towards the violet and 3 both ways 
simnltaneously. 

Pr()ini projected on the disc as ahsinption inar/rings. 

Photographs of the son’s disc in liglit were obtained on 154 days counted as 14() elfective days. The 
mean daily areas in inilliontlis of the sun’s visible liemisphere, cni’rected for foreshortening, and tlie mean 


numbers are gi^'en l)elow ; — 

Areas. ISTairibers. 

North ... ... ... 1821) llhS 

Houth ' 2555 1 33) 

Total ... 4375 257 


As in the case of in’ominences, absorption markings show an ■ increase on the latter half of IDU) ; the 
increase is greater for the southern hemisphere than for the northern. 

The distrilnition in latitude is represented in the aeconipanying diagram. 
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i. Ii6 cittivily ih ill Intitiuiys iiiylit*)* tluiii (>() tis iii tlit! cust' of pi'oiiiiiitviit'os ■ 

near 20° lias broadened in the ^iontheri.i heniisphei*e and narrowed in the northern 
Inition in tlie latter half of 191.11. 


tlie maxim iim of activity 
coinpai-ed with the distri- 


There is now a, preponderance of markings at the western limb in agreement with 
limb, tlie percentage east being 4(S 2h for areas and 1-914 foi‘ numbers. 


prominences at the 


Kodaikanal Obskrvatory, 
18/7; AiKjiiKt 192(1. 


T. ROYDS, 

Art(H(/ Dirccidr, Kaddikamd and Aladras Ob.^^rrraton'es. 


Pkr'k, 8 ttaaa>.'.] 


MxmiiAH; PRINTED BY THE SUPEKINTKNDENT. GOVEItNJIENT PKESS-lOa'. 


^otrati^anal ^ijstttoatorg. 

BULLETIN No. LXVI. 


SUMMARY OF PROMINENCE ORSERYATIONS FOR THE 
SECOND liALF OF TliE YEAR 1920. 


The distribution of prominences observed and photographed during the half year ending Blst December 
11)20, is represented in the accompanying diagram, in which the full line gives the mean daily areas and the 
broken line the mean daily mumbers for each zone of 5° of latitude. The ordinates represent tenths of a 
srjuare minute of arc for the full line and numbers for the broken line. Phe means aie coHecttd Ipi 
incomplete or imperfect observations, the total of 143 days being reduced to 129 effective days. 
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816 

areas is, wkedly different ..,fro„ that in the hrst half of.the.year ; in the northern 

ao- t! 4n“ ,T- „ “f *' <’0° but greater activity from 

from 40° to 55°* ““re is less activity near the equator and from 20° to 35° but greater activity 

The mean daily areas and numbers corrected for imperfect observations are given below 


.North 

South 



Mean daily 
areas (square 
minutes). 

Mean daily 
. numbei-s.' 

... 

2-10 

711 


217 

817 

Total . 

.... 4-27 

. 15-88 


tn ^‘“W a decrease of only 1 per cent from the first half of the .year with nearly equal activity in 

northwn irtlTe’ f .““bers show a total increase of 20 per cent due to a, 10 per cent increase in the 
northein: and ,31 .per cent increase in the southern. The average brightness of T siniria n 
pAticallythe same for both northern and southern hemispheres. ® P.om.nence was 

The monthly, quarterly and half-yearly areas , and numbers together with the mean height and extent 
of a prominence ai'e giyen in table I. The unit of area is 1 square minute of are. 

TXfiiLE I.-— -Abstract for the second half of 1920. 


1 '“ 


Mouth. 


.(August' ;■ 
September 
Pctober 
iKoveraljer 
Deeem'ber 


-Third quarter 
Fourth quarter 
Second-half-vear 


Number 



Daily Means. 

r — 

- 

of days 

Areas. 

Nvuubers. 



•Mean 

Mean 

(offebtive). 



Areas. 

Numbers. 

height, 

"■ 

extent. 

ft 

18 

28 

55-5 

7iB t 

246 

3-08 

137 

27-8' 

2-71 

'25, 

104-0 

382 
.408 , 

3*31 
- 4'1() 

16-6 

16 3 

27 6 

•>7'ft 

2-3() 

■ 21 

1,01-4 

368 

4*83 

17 Pi 


3-51 

18, ■, 

55 9 

191 

4-30 

1 t) 

14-7 

<52 I 
31-9 

3-54 

‘A'W. 

■ , 

■ 157-.3 

453 

,. 6-42 

15:6 

33, -0- 

. 3-58 

(if) ■ 

-235-6 

103(i 

3-56 

- 15i7 

27-7 

2-98 

63 . 

■314-6 

; 1(112 

-4-99 

161 

32-5 

• 3-64 

■129 
) : 

. 550-2 

2048 

4-27 

15-9 . 

30-1 

3-26 


_ ■ \ JDmrtbiMon mst cm^ 

^ Pi’eponderance both of areas and of ninnhor^ wL ini • hi 

larger than fprAhe preceding half-y^r, • ^ of areas is much 


1920 J uly to December. 

East, 

West. 

'' ' . ' 

Percentage eiiit. 

, , Total number observed 

Total areas^in square-ffiiimtes* ■ • ‘ 

.1 

' 

1076 

309-5 

47-46 

43-76 


: P-^actically the same as that of western prominences. 

Metallic Prominences. 

Forty-two metallic prominences were observed in the second half of tLa i • r 

of the number in the first half. Bet, ails of these Drominenop^ a • ' ' • ' ^ wl^iich is only 30 percent 

riciub or cnese pi eminences are given in the following table -- 


Table H— List op MBTALLie PBOMiNBNCES observed' at' Kgdaikanal, dtuLy to bECEMBER 1920. 







- Latitude. ■ 




Date. 


JdLour 

Base. 



Liml). 

Height. 

L'JTjes. ' '• ' ' 


I.S.T. 








N ortli . 

Soixth. 




1920. 


H. 

.M. 

r 

O 

o 


ff 


July 

• 4' 

8 

26 

■- : 4 ; 

12 


W 

65 

4924-1, bi, b,, bs, b,, 5316-8, D,, D„ 6677, 










7065. • ■, 


4 

8 

22 

4 

23 


w 

ao 

K bo, bs, hi, 531 6'8, Di, D2, 6677. 


17 , 

8 

38 

9 . 

12'5 


' E 

40 

bi, ba, bg, bi, 5316-8, Di, Do; 4 


21 

9 

0 

2 

Equator 

E 

15 

bi, bn, bi, Dl, Dn. 

August 

27 

9 

12 

1 


13-5 

E 

60 

bi, ba, bg, bi, D], Dj. 

la 

8 

ao 

1 . 


1 .17'5 

E 

L5 

bi, bn, bg, hi, 5316-8, D, D^, 6677, 7065. 


ao 

9 

20 

18 ‘ 

19 


W 

85 


September 

ai 

8 

47 

0 ; 

27 


w 

70 

4924-1, 5018-6, b^, bg, bg, b^, 5316-8, Di, Dn. 

1 

8 

37 

4 

30 


|W 

80 

4924 1, 5018 6, b.^, bg. bg, b^, 5316-8, D^, Dg. 


9 

9 

36 ' 

6 


14' 

1 vv ' 

110 

'4924-li 5018-6, bj, Ixn. 'bg, b^, 59l6-8, Di, D^, 6677, 










7065, ■ i . 


12 

9 

49 

29 ' 

19-5 


' E 

80 

bi, bj, bg, b^. D, , Dg. 

Octobex* , , 

1 

,8 

20 

( 26 ; 

a 

’ 

w 

■ aol 

4924-1, 501'8'6,‘ b,', bn,‘ bg, b^, 52.34-8, '5276--2, 







. ' ‘ 

, 1 


, 5284-2,. .5916-8., 5363-0, ,5535-1, .Dj, Dg,. 6677, 
7065. ■ 


18 

10 

10 . 

, 1 

. 25-5 


E 

10 

.4924'1, Di,|Dg. . 1 


19 

8 

35 

3 


i 13' 

■ 1 E^ 

• lO' 

bi, bg, bg'; bi, 5316-8, D,, Dg, 6677. 


20 

8 

55 

6 1 


1 W , 

1 E 

120i 

bi, bn,'bg, bi, Di, Dn, ‘ ■ 


20 

8 

41 



16'5 

W 

10 

4924-1, 5018-6, In. bn, bg, b*, 5234-8, 5276-2, 










.5316-8, .5363-0, .5535-1, Dg, Dn, 6677. 


2a 

8 

40 

4, 


8 

W 

60, 

4924-1, 5016, 5018-6, In, bn, bg, bi, 5316-8, Di, Ds, 





■ • i 


1 ■ • ■ 


■ ' 6677, 706,5. 

November 

2 

8 

55 

3 


14-5 

1 E 

30 

bi, bn, bg, hi, .5316-8, Dj, Da. 


ao 

9 

24 

1 

• 42-5 

, 22-5 

■ E 

70 

bj, bg, bg, bi, Di, Dj. 


ao 

10 

55 

5 

1 

W 

70 


December 

1 

9 

15 

' 2 , 


14 

.|E 

. 4)5 

bl, K'bg, hi, Di, Dg.^" ' i 


1 ■ 

9 

10- 

1 


28 

! w 

■ 90 

4924’lfib3.i bg, bg, bi, 5;il6‘8, Di, D|j. 


2 

7 

52 

■1 ! 

■ 17-5 

1 ■ 

E 

40. 

l)j, bg, bg, bi, Di, Dg. 


2 

9 

6 



11 

: E , 

, 10 

b,, bg, bg, bl, Di, Dg. 


2 

lO 

25 

7 i 

37-5 


.w 

50 

4924-1, 5018-6, In, bs, bg, b.„ Di, Dn, 


■ 

8 

34 

4 1 

1 

41 

! 

;W 

75 

■ 1 

4924-1, 5018-6. b,. bn, bg'' bi, .5234-8, 5276-2, 
.5984-2, 5316-8, 536.3:0,' Di, Dg, : 

4924-1, 5016, bj, InV'hg,'' bib 5316-8, Dg, Dg, 


(i), . 

8 

54 ■ 

1 1 


■ 10'5''' 

■ W, 

■ 20 : 





( 


i ;■ ■ ' 


■ . 

6(177,7065. ‘>1 


7, 

8 

30 


18 


w 

' 55 

4924-1, .501 8-6, bg, bg,at8''bb-.5316-8^ Di, Dg. 


10 

8 

16 ■ 

3 ' 



24'5''' 

: 

' 25 

4924-1, .5018-6, Ih, bg,’ bV, bl, ,5234*8, .5276-2, 
5316-8, 5363‘0, .553.5*1, Dg, Dg. ‘ ; 


11 

12 

10 

9 

5 

50 

9' 

19 

37’5" 

1 ' 

' w 

■ E-; 

' 95 

75 

4924-1, .5018-6, bg, bg.bg, bi, 531 6'8, Dg, Dg. 

Dg,Dg. ’ ^ 


12 

9 

ao • 

' 

72 


W 

•110 

bg, bg, bg, 1)., Dg, Dg. f ' ' - 

bg, bg.-bg, bi, .5316-8, Dg, Dg. ' : 


la 

11 

50 

2 

- • 34 

! * 

:E- 

90 


la 

11 

42 

2 ! 


1 11 ■ 

■ W 

■ 90 

bg, bn.bg, bi, ,531(VK Di.Dn.- 


13 

11 

34 

2 

18 


w 

45 

b,, b;, bg, bi, 531 6'8, Dg, Dg, 


19 

9 

12 

1 


15-5 

E 

55 

bg, bg, b;|, bi, Dg, Dg. 


20 

9 

0 

a 

15*5 


E 

25 

4924-1, 5018-6, bg, bn, bg, b,„ 5316-8, Dg, D.. 


21 

9 

42 

2 1 

19 


■E " 

' " 60 ' 

hg, bg,1)g, b,„ 5316-8, Dg, Dg. 


21 

9 

51 



10 

' E. 

60 



- 

^ ;9 

. 2 o; 


■ 4 


E 

10' 

bg, bg, bg,'bi, .531H Di, D.g. ' ' ' 


26 

9 

8 

4 


18 

W 

30 

5018-6, .(ig, bg, b«, bi, 531 6-8, •D,, , iDg; - 
5018-6, bg, bg, bg, b,i, ,5316’8, Dg, Dg. 


29 

9 

45 


23 


W 

25 


The metallic prominences recdrded were <liBtril)ii.ted as follows : — 


— 

... 

. i°to3(r 

.31”' to 60° 

or to 90° 

,g Mean latitvide.l 

pjxti-ome 

bititudes. 


North 

South 

Equator 

"i 

■ 17 ■' 

18 

' 5 " 

1 


2'4-8 ' 

15-5 

O , Oi , 

3 and 72 

8 and 25 



Twenty were on the eastern limb and 22 'on the wesiern. 
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'■ Difipki^yeAYientii of UiB hydrogen liyies. 

Particulars of the displacements observed in the chromosphere and prominences are given in the following 
table : — 


Table III, 


Date. 


1920. 


July 


August 


September 


4 

4 

7 

12 

12 

17 

17 

18 
18 
21 
21 
21 
22 
23 

27 

28 
6 

11 

11 

12 

12 

13 

13 

14 
21 
26 
27 
27 
27 

27 

28 
28 
28 
29 

29 

30 
30 

30 

31 
31 
31 
31 
31 

1 

2 

2 

2 

2 

3 

4 

4 

5 

6 
6 
7 

7 

8 


Hour 

IS.T. 


H. M. 

8 45 
8 26 

9 38 
8 46 

10 37 
8 38 
8 24 
8 46 
8 30 
8 52 
8 45 

8 35 

9 29 

9 25 
9 7 

8 4<:) 
8 50 
8 55 

8 48 

9 45 
9 31 
8 38 
8 30 

11 0 

8 27 

9 32 
8 40 
8 40 
8 25 
8 24 


9 

9 

9 

7 

7 

10 


11 

0 

0 

26 

40 

0 


9 20 
9 12 
8 35 
8 35 
8 30 
8 38 
8 47 

8 44 

9 57 
9 52 
9 48 
9 45 

8 39 

10 25 
10 28 

11 13 

9 1 
8 50 
8 27 
8 31 
8 59 

8 53 

9 10 


Latitude. 


Displacements. 



Limb. 







North. 

South. 


Red. 

Violet. 

1 Both ways. 

0 

0 


A 

A 

A 

15 


E 

3 



15 


W 

4 

2' ■ 



3-5 

E 


1-5 


22-5 


E 

t 



14 


W 


1 


12-5 


E 

3 

1 


56-5 

21 

W 


Slight 



E 

Slight 


70-5 


W 


Slight 



20 

W 

Slight 


70-5 


w 


Slight 


Sb'f) 


w 


0-5 


8 


E 

1 



14 


E 

Slight 




72 

W 

Slight 



9 

E 

Slight 



4 

W 

Do. 




56 

W 

Do. 



16 


w 


, Slight 


24 


E 

Slight 



21 

E 

1-5 



53 

17‘5 

E 

Slight 




E 

1 




12 

E 

Slight 




10 

W 

Do. 



70 

56 

E 


Slight 

' ’ 


W 


Do. 



46-5 

W 


Do. 


6 


w 


::i ' 

18 


w 

vSlight 

- 



9 '5 

E 

1 




26 

E 


Slight 



28 

E 

' Slight 


23 

59-5 

E 

W 

W 

w 

Slight 


19 

42-5 

2 

Slight 

Slight 

49-5 


w 


Slight 


61 


E 

Slight 




18-5 

E 

Dd. 




43-5 

E 

1 

0-5 



71-5 

W 


Slight 


27 


W 


Do.. 


78 


W 


Do. 


27-5 


E 


2 


11 


E, 

2 




15 

E ‘ 

Slight 




' 19 

E 

Do. 


■ 


5-5 

W 

Do. 




57-5 

E 


Slight 



66 

E 

Slight 


7-5 


E 

Do. 




17 

W 

Do.- 



3 

63 

w • 


Slight 



w 

Slight 



14-5 

w 

1 



69 

14-5 

E 

W 


Slight 

2 

: 


14-5 

W 


Slight 



Remarks. 


To red tit top; to violet ah base. 
At base. 

To red at top; to violet at base. 
At base. 


To red at base ; to violet at, top. 
At base. 


At top. 
At top. 
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Date. 

Hour 

I.S.T. 

Latitude. 

Limb. 

Displacements. 

... . • < . * 1 . . ! 

1 

Remarks. 

S'orth. 

South. 

Eed. 

Violet. 

Both ways. 

1920. 

H. M. 

O 



A 

A 

A 


September 9 

11 4 

19-5 


E 

Slight,/ ; 



• . ; ' ' 

9 

11 13 


37 

E 


Slight 


1 

9 

9 29 


2 

W 


Do. 



9 

10 36 


i3 

W 


2 


. t * 

9 

9 37 


17 

W 


Slight 



9 

9 17 

15 


W 

1 

2 



9 

9 13 

21 


w 


1 



9 

9 6 

31 


w 

1 • 




9 

8 53 

58-6 


w 

Slight 




10 

8 55 


67 

E 

3 



i If 

10 

8 42 


18-5 

w 

0*6 


i 

. ■ 1 

10 

8 38 

75-6 


w 


Slight 



10 

8 38 

81 


w 


Do. 


' ’ I 

11 

10 51 

15 


E 

Slight 



■ ■ i ■ ■ 

11 

10 54 


1-5 

E 


Slight 


1 ' ' ij- 

11 

10 58 


17 

E 


1 


1 ... 1 It 

11 

11 2 


23 

E 

Slight 



i ' ! 1 

11 

11 3 


36-5 

E 


1 


! " ; i' 

11 

10 0 


34-5 

W 


2 



11 

9 57 


31-5 

W 


Slight 



11 

9 52 


24 

w 


1 


i ' ; ■ . 

11 

9 43 


16 

w 

1 




11 

9 37 

4-5 


w 

Slight, 




11 

9 30 

19 


w 


Slight 


' ’ 1 '1 

11 

9 24 

37 


w 


Do. 



11 

9 16 

49-5 


w 

Slight 




12 

10 0 

81-5 


E 


Slight 



12 

9 27 

28 


E 

1 




12 

9 23 


12 

E 

1 



’ ' ! f| 

12 

9 12 


24 

E 


; 1 


. ■ i-’ > 1 

12 

9 9 


29 

E 

1 



At top. J \ 1 

12 

9 7 


39 

E 

1 



1 . ■ 1 ■ ' ' I 

12 

10 13 


77 

W 


1 



12 

10 16 


70 

w 


Slight 


' ■ ^ ;j' 

12 

10 39 

11-5 


w 

Slight 



1 ' ' ‘1 

12 

10 7 

65 


w 


Slight 


:l 

13 

9 8 

8 

i ' 

w 

Slight 


I 

1 ' ' ' 1 

16 

8 44 

10 


w 


Slight 


' 1 ■ ' ' 1 

20 

9 34 


11 

E 

Slight 


i ■ j 

; • 1 , ' 1 

22 

8 30 


9 

E 

Do. 



; ■ i 

23 

9 10 


3 

W 

Do, 



! , i 1, 

23 

9 18 


;5 ' 

w 

1 



1 ' -■ 

23 

9 0 

18 


w 


1 

i 

! ' ff 

25 

8 49 


12-5 

■E 


1 

1 ; 

■ 1 

25 

8 47 


28 

E 

Slight 


1 

If 


8 44 


36 

E 

1 


1 

! ; 1 

25 

9 36 


7 

W 

Slight 



i ‘ If 

25 

9 25 

67 


W 


Slight 

j ; 

; . ' 1 

28 

8 25 

11 


E 

Slight 



' ■ l' 

29 

8 25 


80 

W 


Slight 

1 


29 

8 23 


52-5 

W 

Slight 


1 

' 1 

29 

8 3 

24-5 


w 

Do, 


1 

' - 

October 1 

8 50 

9 


E 



Slight 


1 

8 40 


19 

w 

Slight 



At top. 

: 2 

9 39 


17 

w 

Do. 

, ^ 

! , ! 


2 

9 11 

10 


w 

Do. 


, : 


3 

9 55 


2“6 

w 


Slight 

1 

1 

3 

9 49 

21 


w 

Slight 


1 


3 

9 50 

28 


w 


Slight 

( 


4 

9 4 

20-5 


w 


Do. 

1 

' 

4 

8 58 

40 


w 

1 

Do, 

1 

1 

8 

9 20 

42-5 


E 


1 


, ; . 

10 

9 47 

20-5 


E 

1 




10 

9 46 

16 


E 

Slight 



1 

10 

9 21 


18-5 

E 

1 




10 

9 9 


58'5 

E 

Slight 





2 
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Latitude. 



Displacements. 

— . 

Date. 

Hour 

I.S.T. 



Limb. 



Remarks. i 



1 


1 



1 


Noi’tli. South 

- 

Red. 

Violet. 

Both ways. 


1920. 

II. 

M. 

- 

0 


: A. ■ 

: A 

A 

‘ i ^ 

October 10 

10 

10 

10 

8 

18 

1-5 

6 


W 

W 

Slight 

ii ^ 


- ' ■ i 

10 

10 

22 

20 


w 

Slight 



' J • . ; 

11 

9 

20 

82 


E 


1 



11 

12 

12 

8 

8 

8 

46 

42 

41 

4-5 

80 

63 


W 

E 

E 

Slight 

3 

0'5 

I ’ 

j 1 

Atjtop! ^ 

12 ■ 
13 

13 

a 

8 

8 

30 

38 

44 

21-5 

63-5 

4 


E 

E 

E 

Slight 

1 

Slight 


; : . ■ ■ j 

13 

13 

8 

8 

32 

31 


19 

5 

W 

W 

Slight 

! 

, Slight , 


14 

10 

4 


19 , 

w 

Slight . 



14 

9 

8 

36 

42 

20 


w 

Slight 



14 

45-5 


w 

• . 2 



14 

a 

37 

53-5 


w 

: 3 



15 

8 

44 

31-5 


E 

Slight 




15 

8 

40 


21 , 

E 

Do. ' 



, 

15 

8 

37 


46 ; 

E 

Do. 




16 

10 

45 


23 < 

E 

1 

2 

I 

■ • , • 

16 

10 

57 


63-5 ■ 

E 

Slight 
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Eruptive prominence. ;j 
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l.r!. 1 . 

North. 

South. 

Red. 

. 

Violet. 

Both waya. 



1920. 


ll. M. 

0 

0 


A 

A 

A 


November 

2 

2 

9 2 

9 4 


80 

41 

E 

W 


Slight 

Do 




() 

() 

9 45 

9 20 


9 

02-5 

E 

W 

, 1 

Do. 

Do. 


At top. [ 


I) 

8 .5(5 


21 

17 

W 

Slight 




() 

8 54 


w 

Do, 


1 

' 


(5 

() 

8 'lO 

8 .12 

09 

44 


w 

w 

1 

1 

1 

■ 

To red at top ; to violet at base. 


() 

8 40 

52 


w 

1 

1 

, 


0 

7 

9 00 

9 19 

08‘5 

48-5 


w 

E 

! 1 
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7 

9 10 

05-.5 

29 

E 

i 
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7 

9 05 


W 
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7 

10 11 

.0!) 

.08 

20 


W 

1 


At base. 


7 

H 

10 8 

9 41 


W 

E 

I 

1 1 

0 


At top. 

At baae. 


8 

9 40 

0.0 


B 


•> 



8 

9 50 


00 
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8 
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1 
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8 

8 50 

17 


W 
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8 

8 52 
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w 
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8 

9 .00 
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40 
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10 
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45 
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10 
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28 

w 
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12 
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20 


E 
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00 

10 15 
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0\5 

27 

E 

E 

2 

0 


At top. 


00 
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40 

W 
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00 

10 55 

11 


w 
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1 
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00 

11 8 
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December 

I 

1 

9 18 

9 5 

12 

.0.0 

E 

W 
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51 


li 
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2 

9 .02 
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11 
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E 
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w 
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w 
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10 42 
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4 
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41 

20 
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B 

1 

1 
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4 

4 
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8 .50 

7 

29 

10 

10 

1 
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4 

8 47 


.07 

E 
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9 2.0 


51 

w 
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Do. 


■\ 

9 21 


.09 

w 
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4 

9 .50 

40-5 


w 
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1 



At top. 


f) 

8 52 

50 


w 




f) 

8 45 

07 


w 

1 





() 

8 00 

07 


10 


1 


At base. 


0 

8 .10 

81 


w 


Slight 




7 

8 0 


22 

w 


Do. 




7 

8 0 


18-5 

w 


Do. 


At top. 


8 

8 50 


9 

10 


1 



8 

8 40 


22 

E 
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Do. 


8 

8 08 


09 

E 


1 




8 

9 20 

f) 


w 


1 


At top. 


8 

9 27 
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w 

.0 




8 

9 44 
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89 


10 
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At base. 


9 

9 10 
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E 
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10 
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02 
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11 
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11 

8 53 

11 
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11 
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12 
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9 25 

14 
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9 41 

19 
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20 
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21 
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21 
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22 
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22 
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23 
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24 
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26 
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28 
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29 
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The total number of displacements observed was 310, i whieh were distijibuted as follows r 

* T' _ I XT J.1_ ‘ ’ , t ' ' ' 


Latitude. 

l°|-3.0° 

61°i-90° 


,,, 'Basi limb'- 
. fWest limb 


Total 


North. 
■88 
■48 
32 

168 


Soin,h. 

- 

40 
' 15 ' 

142 

133' 

>177, 



823 

One hundred and sixty-two were towards the red, 150 towards the violet ; these include 10 occasions 
whejn the displacements were seen to- the red and- bo the violet- in different parts of the same prominence. 
Eight displacements were both ways siuiidtaneously. • •' ' ■ 

Bev&'sals and displacmients on the disc. 

One hundred and thirty-four briglit reversals of the Ha line, 75 dark reversals of the Dg line and 59 
displacements of the Ha line were recorded during, the half-year. Their distribution is shown below 



North, 

South. . East. 

West, 1 

Bright reversals of Ha 

58,; 

76 “ 58 / 

73- 1 

Dark reversals of Du 

34 

39 34 

39 ’ 

Displacements of Ha 

28 

31 32 

27 1 


Forty-five of the displacements we towards the red, 13 towrirds the violet and 1 both ways simul- [ 

taneously. I 

Large Eruptive Prominence of 31.s‘^ December 1920. I 

On 31st December 1920 a series of 14 photographs in K light of a large eruptive prominence was obtained | 

by Mr. S. S. Eamaswami Ayyangar. This prominence extended in latitude from + 5°W to - 40°W. Its j 

ascent was probably already in ju’ogress when the first photograph was taken at 8h 4”b It appeared then in j 

the form of a large arch, the 'maxiiMin and minimum heights in the middle of the arch being already 

290.000 km and 123,000 km, respectively, above the chromosphere. The progress of the prominence consisted, 
generally speaking, in the ascent of the centre of -the arch until at lOl^ 15™ the maximum height was 

701.000 km. The northernmost branch of the arch remained visible and in contact with the chromosphere 
throughout whilst the southernmost -whicli was faint at the commencement disappeared after 8^^ 52™. The 
brightness of the prominence did not suffer much diminution until after 9^' 47™ and although the maximum 
height was reached at 10^ 15“‘, only a faint trace of the lower portions remained in the next photograph at 

IQl^ 37™. Whilst these changes ’ were in progress, a small prominence between — 37°W and — ll'^W, about [ 

17.000 km high, remained visible practically without change, and between — 3°W and — 8°W were low [ 

changing prominences t)robal)ly connected with spot group No. 3351 (latitude — 8°) which passed the western I 

limb on December 30th. ! i I 

Measures have been made of the motion of this eruptive prominence. In determining the times, allowance | 

has been made for the fact that the different parts of the prominence on the same photograjph are, not photo- | 

graphed simultaneously. I 

In the northern branch of the ardli the changes in the form were so rai)id that identical parts of the I 

prominence could not be recogniiced in successiv«j photographs. In the more Southerly parts, however, I 

recognition of identical parts was potisible and measures of the motion of several points have been made. | 

The average velocity varied from 384 km/sec to 77 km/sec for different points and the largest velocity 
observed in any part was- 115 km/sec, 'whilst there is evidence of only slight acceleration the largest .being only 
7'4 km/sec/sec. These are very much smaller than the velocities and accelerations in the prominence; of 23th May 
19 IC) described in Kodaikanal Obsematory Bulletin No. LV. The directions in which the different points of 
the prominence are moving radiate from a point in the chromosphere near — 40° W, indicating a region near 
this point as the origin of the prdpelling force, . • 

Measures were also made of the motion radial to the sun of the mean height of the prominence at different 
latitudes. The rates of ascent were foiind to be 21 km/sec at 0°W, 40 km/sec at — 10° W, 30 km/sec at — 20° W, 

38 km/sec at — 30°W and 35 km /sec at — 4()°W, measures in the two lak latitudes being; possible only in the 
first three photographs. 

Prominences prqiected on ike disc as absorption markings. 

Photographs of the sun’s disc in Ha light were obtained on 129 days, counted as 107 effective days. The 
mean daily areas in millionths of the sun’s visible hemisphere corrected for foreshortening, and the mean daily 
numbers are given below. 
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